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Executive Summary

ToxStrategieseviewed the existingpealth-based screening levels and toxicity facttws
those cyanotoxins on thenited States Environmental Protection Agency (USEPA)
Unregulated Contaminant Monitoring Rule 4 (UCMRA4)distwell as for
dihydroanatoxira (dhATXa). The UCMRA4 list of cyanotoxins included one cyanotoxin
group (total microcystingtotal MC4g) and ninecyanotoxinsanatoxina (ATXa),
cylindrospermopsiffCYN)microcystiRLA(MGLA) microcystinLF(MGLF) microcystin
LR(MGLR) microcystinLY(MGLY) microcystinRR(IMGRR) microcystinYRIMGYR)

and nodularin(NOD)

Existinghumanhealth-based screening levelspecificallydrinking waterscreening
levekfor children and adultsfrom various US federaind state agencies as well
international organizationsvere identified and reviewedBased a review of hese
existinghealth-basedscreening levebalues across regulatory entitieis was
determined that theywere generallydeveloped using similar toxicity studies for each
cyanotoxin All MC drinking watescreening levelare based onhe congener MR as
a surrogate dér total MCspecauseVIC-LR igeported to be the most toxic MC variant.
No authoritative assessments bealth-basedscreening leval, drinking wateror
otherwise,were identifiedfor NOD Acute (exposure for a single day) and subchronic
(up to 10% of l#time) health-basedscreening levelfor two cyanotoxin exposure
scenarios contaminated water or cyanobacterial mat/crust consumptiowere
identified for dogsandcattle. Thesescreening levalwere developed for MC congeners:
MCLA, MGLR, MERR, and M@'R, as well as CYN and ATX

A searchof the peerreviewed scientific literatur@vasconductedto identify available
cyanotoxintoxicity studieghat could be used as a ba$ts developng acue (short
term) oral toxicity values (i.ereference dose(RfD¥)) for humans, dogs, cattle, and
horses Full data extraction was performed for two types of priority stud@suse in
the toxicity factor evaluation(1) experimental animal, acute, mutlose studies with
oral administrationand(2) case reports of cyanotoxin poisoning in humans and
animals.Relevant toxicity datavere identified and extractedor MCs, CYM\TX-a and
dhATXa. Toxicity dataidentified for NODwere insufficient foruse indevelopment of
toxicity factors.

The most suitable studieom the literaturereviewwere usedo developcandidate
acute ghortterm) RfBsfor MGLR, CYNATXa, anddhATXa. No-observedadverse
effect levels NOAELs lowestobservedadverseeffect-levels LOAEDs or benchmark
dose (BMD) modeling afnportant endpointsfrom short-term oral toxicity studies were
used inRfD developmentRfDs based olethal dosefor 50 percent of the population
(LDso) valueswere developed forATXa and dhAT>&, due to limitedavailableapplicable
toxicity data The RfD values derived herein should be considered 4bort values and
are not meant to be protective of eitheubchronic or chronic exposurescute (short



term) healthbaseddrinking waterscreening level®r adults, childrendogs,dairy and
beefcattle, and horsesvere calculatedfrom the respectivecandidateRfD valuesin
addition, mat/crust consumptionbasel screening levelaere developed fodogs,dairy
and beefcattle, and horses



1 Background

Periodically, TCEQ is asked to address cyanotoxin contamination in drinking and surface
water due to harmful algal bloon{#1ABs)riginating from proliferation of

cyanobacteria. In the past, these blooms have been linkeliheess anddeathin dogs

and lvestock (e.g., cattle, horses), as well as contamination of municipal drinking water.
While there are no federal maximum contaminant ley@CLsfor cyanotoxinsthe

United States Environmental Protection Agency (USBR@pther agencies have
developedregulatoryscreeningevels for various types of cyanotozin

ToxStrategiesvasasked toreviewthe existing healtibased screening levels and toxicity
factorsfor cyanotoxins orthe Unregulated Contaminant Monitoring Rule 4 (UCMRA4)
list, as well agor dihydroanatoxira, andto developacute (shoriterm) toxicity factors
and assoiaed health-based screening levels where appropriate and feasdriéoth
drinking water and for consumption of mats/crust by dogs and livestbiok UCMR4 list
of cyanotxins evaluated in this report includene cyanotoxin grougtotal
microcystingtotal MCg) and nine cyanotoxins: anatoxan(ATXa), cylindrospermopsin
(CYN)microcystiRLA(MGLA) microcystinLF(MGLF) microcystinLR(MGLR)
microcystinLY(MGLY) microcystirnRR(MGRR) microcystinYR(IMGYR) and nodularin
(NOD) At the request of TCEQ, Tox$tiies also ealuateddihydroanatoxina (dhATX
a).

2 Regulatory Document Review

Existingcyanotoxin healtHbasedscreening leval forhumans, dogs;attle, and horses
were compiled by reviewingelevantdocumentsproduced byfederal state,
international and globategulatory bodiesaand were identifiedby searching regulatory
websites as well asToxPlaneto ensurethe identification ofall relevantauthoritative
resouces.

2.1 ExistingHumanHealth-BasedDrinking WaterScreening leved

Existing mmanhealth-baseddrinking waterscreening leval were identifiedor MCs
CYNandATXa (seeTable land AppendixA.1). Table 1 provides summary information
for the existinghuman healthbased drinking watescreening levels; additional detail is
provided n Appendix A.lIn the USdrinking waterscreening levalhave been
established by the UEPAand state agenciesincludingthe Minnesota Department of
Health, OhidcEPA andOregonHealth Authority In addtion to the US the World Health
Organization (WHO)ma severalother countries includingCanadallealth Canadga
Australia, New Zealan@&razil Uruguay, China, Czech Republic, Denmark, Germany,
Italy, Japan, Korea, Netherlands, Norway, Poland, South Africa, Spain, France, and
Finland have established drinking watscreening leval for one or more cyanotoxin



The types ofhumandrinking waterscreening leves establishedor MCs, CYN, and ABX
rangadfromd R2 Yy 2 drinkhdliayeithéesholds, to shortterm or 10-day health
advisoties, to lifetimedrinking water exposurscreening leval Somedrinking water
screening leval arespecific to children or adultsvhile others are more generalhese
health-basedscreening level acrosghe various government entitiesere developed
usingsimilar toxicity sudiesfor each cyanotoxinThe bases fothesescreening leval
are discussed belowote that when reporting doses from single dose oral toxicity
studies(e.g., gavagedoses are typically expressedragligram per kilogramrig/kg) or
microgram per kilogramug/kg), as opposed to mukilay studies, whereby dosesear
expressed imicrogram per kilogram per dayn@/kg-day) or microgram per kilogram
per day (ig/kg-day) (USEPA, 2002)

AllMChealth-baseddrinking waterscreening levelused the congener MELR as
surrogate for totaMCs becauseMG-LRwasreported to be the most toxitMC variant
All the existingChuman health drinking watescreening levalwere based on one of
two studies Heinze (1999) or Fawell et al. (1899n Heinze (1999)nale rats(N =
5/group) were offeredVIG-LR in drinking water for 28 dayesulting in doses dd, 50,or
150pug/kg-day. Increased liver weight, liver lesiomsthe parenchymgagandincreagd
serum alkaline phosphatag@LP)nd lactate dehydrogenase (LOENelswere
observed in botldosegroups, withincreased severity of adverse effects in the higher
dose groupDegeneation in the hepatocytesvas observed amdividual cell necrosjs
increasing cell volumandincreasingmitochondria.Srong activation of Kup#r cells
occurred,andincreased amounts gderiodic acidSchiff reagentRA$-positive
substancesvere measuregdsuggesive ofliver cell damageFurther, lesions included a
macroscopic lesion of the liver observed in one animal per dose gr@augystrophic
section of the liver and a hematom@helowestobservedadverseeffectlevel (LOAEL)
was determined to be 5Qg/kg-day based on increased incidence of liver lesitms.
Fawell et al. (199%) mice N =15/sex/group) were dosedvith MGLR a0, 40, 200, or
1000ug/kg-day MCGLR byoral gavagdor 13 weeks. Slight hepatitamage was observed
at 200pg/kg-bw/day based on liver lesion®.g.,pervasivemultifocal hepatocyte
degadationin the liver lobuleand multifocal, slight chronic inflammation with
hemosiderindeposit9 andclinical parametergncludingincreasedalanine
aminotransferas€ALT), aspartate aminotransferase (AST), and gamma glutamy!l
transaminase (GGTBecauseaio cyanotoxinrelated effects were obsereeat 40ug/kg-
day,40 pg/kg-daywas determined to be the nobservedadverseeffect level (NOAEL).

ForCYN all humarhealthdrinking waterscreening levalwere basedprimarily on the
study by Humpage and Fal@n(2003).In this study male mice(N =5 for the high dose
group; N= 10/group for other dosgroups, N= 12 for controlswere administeredo, 30,

10hio EPA (2028 & aR2 y2i RNRAY | ¢ Rwioystyangtaking(TaBlSINTTHe K NS a8 K2 f R &
public isadvised to not drink water with cyanotoxin levels exceeding the threshélternative
water should be used for drinkingyaking icemaking infant formulapreparing food andbrushing
teeth.



60, 120, or 24Qug/kg-day CYNby oral gavage for 11 weekSignificant doseelated
adverseeffectsincluded increase#idneyand liver weightsgdecreasedserumbile acid
concentratiors and increasederum bilirubin levelsThe kidney was determined to be
the most sensitive target of toxicitgndauthorsestablished a NOAEL 20 pg/kg-day.

Human heahl drinking waterscreening leval for ATXawere based orone of two main
studies Fawell et al. (1999 or Astrachan et al(1981).In Fawell et al. (1999 mice (N=
10/sex/group) were administered, 0098 049, or 2.46mg/kg-day AT>avia oral
gavage for 28 day3he cause of two deaths, one in easfithe mid- and high-dose
groups could not be determinednorcould the authors determine if the deathgere
cyanotoxinrelated Specifically, the animals died within 2.5 h of dosingdays 10 and
14 ofadministration,respectively Microscopic evaluations eve unable todetermine
cause of deathnecropsy evaluation revealed nothing remarkable, and the animals did
not show any unusual clinical signs prior to de&mmce the authors could neicludea
possible relationshigvith ATXa administration98 (or 10Q rounded up)ug/kg-day was
establishel asthe NOAELbecauseall surviving animals displayed no adverse effects
Astrachan et al. (1981) adnistered AT>ato rats in drinking water atoncentrations of
0, 0.5, and 5 ppm fo7 weeks No changes were observed in serunzgmes
(cholinesteraseALR glutamic pyruvic transaminased gammaglutamyl
transpeptidasgor tissue histopathologgt any dose. The Ohio EPA determined the
NOAEL for this study to be equal to|&fkg-bw/day.

Various regulatory agencies use®AELs or LOAELamM the studies described aboye
in combination with uncertainty factorso calculate tolerable daily intakes (TDIs) or
reference doses (RfDE)r MC, CYN, orB<a. Drinking vater intake rates for children or
adultswere applied to theestimated toxicity factors with or without a relative source
contribution (RSCHhctor, to develophealth-based drinking watescreening level.

Tablel. Existing uman healthbased drinking wateiscreening leved for
cyanotoxins

Drinking
Type of Drinking Water
Regulatory Water Screening | Description of Screening
Cyanotoxin* Agency level Screening level level (ug/L)
Microcystins USEPA20159 | 10-Day Health Children preschool 0.3

Advisory age and younger
(under 6 years old);
applied as total
microcystins using
microcystinLR as a
surrogate




Drinking

Type of Drinking Water
Regulatory Water Screening | Description of Screening
Cyanotoxin* Agency level Screening level level (ug/L)
Microcystins USEPA20159 | 10-Day Health Schoolage children (6| 1.6
Advisory years and older);
applied as total
microcystirs using
microcystinLR as a
surrogate
Microcystins WHO(202039 Provisional MicrocystinLR (free | 1
Guideline Value; | plus celbound
based on lifetime | microcystins) for
drinking water adults lifetime
exposure exposure
Microcystins WHO(20209 Provisional MicrocystinLR (free | 12
Guideline Value; | plus celbound
based on short | microcystins) for
term drinking adults shortterm
water exposure | exposure (up to 2
(2 weeks) weeks)
Microcystins Brazil, Uruguay| Drinking Water MicrocystinLR (free | 1
China, Czech | Guideline plus celbound
Republic, microcystins) for
Denmark, adults lifetime
Germanytaly, exposure
Japan, Korea,
Netherlands,
Norway, New
Zealand,
Poland, South
Africa, Spain,
France, Finland
(WHO, 2017)
Microcystins Australia, Drinking Water | Total microcystins 1.3
NHMRC, Guideline expressed as
NRMMQ2011) microcystinLR
toxicity equivalents
for lifetime exposure
Microcystins Health Canada | Drinking Water | Total microcystins 15
(2019 Guideline expressed as
microcystinLR
toxicity equivalents;
for seasonal exposurg
(<30 days)
Microcystins Minnesota Guideline Value | Acute (Xday or less), | 0.1
Department of Shortterm (>1 day to
Health(2015 30 days), Subchronic

(3-days to 10% of
lifetime), and Chronic
Non-Cancer Health

Based Value




Drinking

Type of Drinking Water
Regulatory Water Screening | Description of Screening
Cyanotoxin* Agency level Screening level level (ug/L)
Microcystins Oregon Health | Drinking Water Ages 5 years and 0.3
Authority Guideline younger; up to 10
(2019 days
Microcystins Oregon Health | Drinking Water | Adults; up to 10 days| 1.6
Authority Guideline
(2019
Microcystins Ohio EPA Drinking Water Do Not Drink; 0.3
(2020 Threshold children under 6 and
sensitive populations;
up to 10 days
Microcystins Ohio EPA Drinking Water Do Not Drink 1.6
(2020 Threshold children 6 and older
and adults; up to 10
days
Cylindrospermopsin | USEPA0150 | 10-Day Health Children preschool 0.7
Advisory age and younger
(under 6 years old)
Cylindrospermopsin | USEPA0158) | 10-Day Health Schoolage children (6] 3
Advisory years and older)
Cylindrospermopsin | WHO(2020bH Provisiorl Adult lifetime 0.7
lifetime drinking
water health
based guidance
value
Cylindrospermopsin | WHO(2020b Provisional Adult shortterm (up | 3.0
Guideline Value; | to 2 weeks)
based on short
term exposure
Cylindrospermopsin | Australia(2018 | Health Alert Due to lack of 1
adequate data, no
guideline is set for
cylindrospermopsin;
however, an initial
health alert is
estimated
Cylindrospermopsin | New Zealand | Drinking Water Provisional maximum| 1
(2018 Standard acceptable value;
lifetime
Cylindrospermopsin | Brazil(2009 Guideline for N/A 15
Drinking Water
Quality
(Recommended)
Cylindrospermopsin | Oregon Health | Drinking Water Ages 5 years and 0.7
Authority Guideline younger; up to 10
(2019 days
Cylindrospermopsin | Oregon Health | Drinking Water | Adults; up to 10 days| 3
Authority Guideline
(2019




Drinking

and adults; up to 10
days

Type of Drinking Water
Regulatory Water Screening | Description of Screening
Cyanotoxin* Agency level Screening level level (ug/L)
Cylindrospermopsin | Ohio EPA Drinking Water Do Not Drinkg 0.7
(2020 Threshold children under 6 and
sensitive populations;
up to 10 days
Cylindrospermopsin | Ohio EPA Drinking Water Do Not Drinkg 3.0
(2020 Threshold children 6 and older
and adults; up to 10
days
Anatoxina USEPA20159 | No drinking water| Unable to derive due | N/A
value to lack of data
Anatoxina WHO(20209 Provisional short | Adults; up to 2 weeks| 30
term drinking
water health
basedreference
value
Anatoxina New Zealand | Drinking Water Provisional maximum| 6
Guideline acceptable value;
lifetime
Anatoxina Minnesota Risk Assessment| Shortterm Non 0.1
Department of | Advice Cancer Risk
Health(2016 Assessment Advice
(>1 day to 30 days)
Anatoxina Oregon Health | Drinking Water | Ages 5 years and 0.7
Authority Guideline younger; up to 10
(2019 days
Anatoxina Oregon Health | Drinking Water | Adults; up to 10 days| 3
Authority Guideline
(2019
Anatoxina Ohio EPA Drinking Water Do Not Drink; 0.3
(2020 Threshold children under 6 and
sensitive populations;
up to 10 days
Anatoxina Ohio EPA Drinking Water Do Not Drinkg 1.6
(2020 Threshold children 6 and older

*Screenig levelapplies to total cyanotoxins for the class (e.g., total microcystins), unless indicated

differently in the Description dbcreening levedolumn.

OhioEPA¢ OhioEnvironmentaProtectionAgencyN/A ¢ Not available WHO¢ World Health
Organization USEPA United States Environmental Protection Agency




2.2 Exiging HealthBasedScreenind.-evels for Dogs and Livestock

Acute (exposure for a single dapnd subchroniup to 10% of lifetimehealth-based

screening levalfor two cyanotoxin exposure scenariosontaminatedwater or

cyanobacterial mat/crust consumptionwere identifiedfor dogsand cattle. No existing
screening leval were identified fohorses Thesenealth-basedscreening levalwere
developedfor MCcongerers(MGLA, MCLRMGRR, and M&R, as well as CYN and

ATXa (seeTable2 andAppendixTableA.26 & GKS /FfAFT2NYAl 9t ! Qa
Environmental Health Hazard Assessm@EHHA2012) No otherhealth-based

screening leveal forconsumption ofwater or crustwere identifiedfor dogs, cattle, or

horses. Table 2 provides summary information for tegistingscreening levels for dogs

and livestock; additional detail is provided in Appendix A.1

Forthese existing healtfbasedscreening level reference doss(RfDs)were derived

for both speciesisingthe sameacute orsubchronicdoxicity study thenapplied toboth
dogs and cattleisingspeciesspecific water and crust (dried ayabacterial scunor
mats) consumption factorfOEHHA2012) Dog eposure scenariogere estimated for
a 20kg dayandaccounted for both drinking anléckingwater from their coats In
addition, the potential ingestion of crust or mat matefwas also estimated for dog§o
be mostconservative, gposure scenarios for cattle webased on a small breed of
dairycows(e.g., Jersey cowshecauseheir potential exposure to cyanotoxins is
greatest due to lower bodweightcompared toother breedsof cattle. Cattle with lower
body weightsyield highercalculated intakes afyanobacteriacontaminated water and
crust.PerOEHHA2012), Jersey cows have lovareragebody weightq454 kg) relative
to large breed dairy cows (e.dHplsteins [680 kgverage body weightand beef cattle
[635 kgaverage body weight Consumptiorof cyanobacterial crust on the gé of
natural or impounded water bodieg addition to water consumptionwas also
considered in cattle exposure estimatégiditional details ordog and livestock
exposure scenario estiates are described iAppendix A.2

Acutehealth-basedscreening levalfor dogs and cattléor MC congeners LA, LR, RR,

and YRvere based on the same toxicity study conducted in sheep (Jackson et al., 1984).
The oral lethal NOAEL of 1010 mg lyophilitekcrocystis aeruginogkg-bw in sieep
administereda single dosef M. aeruginosainjected directly into the rumemvas used

to calculde the RfD forall MC congener@MGLA, MGLR, MERR and M&R) OEHHA

used this NOAEIn combination withmouse mortality studies conducted by Jackson et

al. (1984) andlliman et al(1978), to estimate the RFDQEHHA2012).Subchronic
health-basedscreening levalwere derived fronthe 28-day MCG-LRdrinking waterstudy

in ratsconducted by Heinz et al. (1999 describegbreviously in Section 2.1

CYNacutehealth-basedscreening levalfor dogs and cattlevere calculated using
mortality studies conducted in micas a basis faan acuteRfD(Seawright et a).1999;
Shaw et al.2000, 2001)Seawright et al. (1999) exposed mida single oral gavage
4.4¢8.3 mg/kg CYMs asuspension of freezdried cellsandidentified the lowest dose

h ¥



to induce lethality(which was 4.4 mg/kgvithin 2-6 dayswhereas Shaw et al. (2000)
exposed mice to 0, 2, 4, 6, or 8 mg/kg Giéd\asingleoral administrationof sonicated
cellextract andfound lethality at? 6 mg/kg.The highest no#kethal dose, 4.0 mg/kgvas
determined to be the NOAES&ubchronidealth-basedscreening levelfor CYNwvere
estimatedby OEHHAased orHumpage and Falcon@i@003)11-weekgavage study in
mice(see Section 2.1)

The 5 and 28daystudiesin miceperformed by Fawell et al. (19B9study described in
Section 2.1)were used toestimate an acuteand subchronid&kfD forATXa fordogsand
cattle. The nonlethal dose of AXxa of 2.5 mg/keday was determined to be the NOAEL.
OEHHApplied peciesspecific uncertainty factor the NOAELs for each cyanotoxin
to estimate RfDs. Water and crustake rates based on the exposure scenarios
described above were then applieg OEHHAO calculatehealth-basedscreening level
for dogs and cattle.

Table2.  Existingdog and livestockegulatory screening leved for cyamtoxins

Screening
Levelfor Crust
Screening & Mat
Level for Consumption

Regulatory | Description of Water Intake | (mg/kg-dry
Cyanotoxin Agency Screening Level | Species* | (ug/L) weight)
Microcystins OEHHA Acute (<24 hrs, Dog 100 0.5
(Includes (2012 exposure for a
microcystins LA, LR single day)
RR, and YR)
Microcystins OEHHA Acute (<24 hrs, Cattle 50 5
(Includes (2012 exposure for a
microcystins LA, LR single day)
RR, and YR)
Microcystins OEHHA Subchronic (up to| Dog 2 0.01
(Includes (2012 10% of lifetime)
microcystind_A, LR,
RR, and YR)
Microcystins OEHHA Subchronic (up to| Cattle 0.9 1
(Includes (2012 10% of lifetime)
microcystins LA, LR
RR, and YR)
Cylindrospermopsin| OEHHA Acute (<24 hrs, Dog 200 0.5

(2012 exposure for a

single day)
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Cylindrospermopsin| OEHHA Acute (<24 hrs, Cattle 60 5
(2012 exposure for a
single day)
Cylindrospermopsin| OEHHA Subchronic (up to| Dog 10 0.04
(2012 10% of lifetime)
Cylindrospermopsin| OEHHA Subchronic (up to| Cattle 5 0.4
(2012 10% of lifetime)
Anatoxina OEHHA Acute (<24 hrs, Dog 100 0.3
(2012 exposure for a
single day)
Anatoxina OEHHA Acute (<24 hrs, Cattle 40 3
(2012 exposure for a
single day)
Anatoxina OEHHA Subchronic (up to| Dog 100 0.3
(2012 10% of lifetime)
Anatoxina OEHHA Subchronic (up to| Cattle 40 3
(2012 10% of lifetime)

* Cattlescreening levalbased on small breed dairy cow exposure scen@ierage body weight of 454
kg)OEHHA/ I £ AT2NY Al 9t! Qa hFFAOS 2F 9YDANRBYYSyil ft

3 Literature Review

3.1 PrimaryLiterature Search

Following the review of the secondary literatuaie described in Section 2 of this report
a primaryliterature search wagonductedto identify toxicity studieswith applicable
toxicity information for the 11 cyanotoxiref interest. Theliterature searchwas
conductedon Marchl18, 2021 usingtwo bibliographicdatabases: PubMed and Embase

For cyanotoxingor whichhealth assessmentsave beerconductedMCand CYN, the
searchesverefocusedon literature published after the health assessments were
developed Therefore, these searches wer@iited to studies published in 2013 or later,
corresponding tdhe date of searches describ@uthe USEPA&valuationUSEPA,
2015a,b) Literature searches for cyanotoxiAg XA, dhATXA, andNOD which werenot
covered in prior health assessmenigere not restricted by publication dat€yanotoxin
names and synonyms were paired with general toxicity and s&mtywords andthe
searchsyntaxwastailoredfor each database (Box.1)
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Box1. Search syntax for cyanokins literature searches performed on March 18,
2021, in PubMedand Embase

Date limited searciPubMed)

(Cylindrospermopsi®R HSDB 7752 OR "cylindrospermopsin” [Supplementary Concept] OR
Microcystins OR microcystin OR Cyanoginosin OR "Microcystins"[Mesh] OR Micilo&ySth
Microcystis aeruginosa OR "Microcystin LA" OR Microciaiirinealanine OR MicrocystibF OR
"microgystin-LF" [Supplementary Concept] OR MicrocykithOR Cyanoginosin LA GtRr8syt5-
arginine OR Cyanoginosin YR OR CyanogifdRi®OR cyanoginosin LA GRty&osyk5-L-arginine OR
MicrocystinLY OR Microcystin LY OR "microcystin LY" [Supplementarypfldd& MicrocystiRR OR
Cyanoginosin LA ORagginyt5-arginine OR "Cyanoginosin RR" OR CyanogifREROR Microcystin R
OR Cyanoginosin LA OR-&ginyt5-L-arginine OR "microcystin RR" [Supplementary Concept] OR
MicrocystinYR OR Cyanoginosin YRGYBnoginosikYR OR cyanoginosin LA GRiAosyk5-L-
arginine OR "microcystin YR" [Supplementary Concept]) AND (toxicolog* OR LC50 OR LOEL Of
G6¢2EAOAGE ¢S&aiaédwasS{1 8 hw Y2NIlIfAG& hw ol Rg
(toxicity AND(immun* OR renal OR hematologic* OR nephro* OR hepat* OR endocrin* OR neurq
intestin* OR gastrointestin* OR cardiovascular OR pulmonary)) OR immunotox* OR nephrotox* (
hepatotox* OR neurotox* OR cardiotox* OR (toxicity AND (development OR develop®éhta
NELINE RdzOGABS0OU0 hw a¢SNIG23SySaraé¢waS{16 hw
t KSy2YSylé¢waS{18 hw yS2LXIIaGdA0 hw OFNOAy23§
oncogenic* OR malignant OR malignanc* OR genotoxic* OR genotoxicity ORetla®©R mutagen*
hw a0ei23SySGiAO 0SNNI GA2Yé hw bOKN2Y2é2YS
FNI AYSyYyill GA2YyéwaSaK8 hw daadzil 3SyAaoOAaide ¢Sai
Ly2adz2NEé waS{1 8 hw &/ KSYAONKNRYWR OF NtizB { I ydzOS

¢ Q¢

Date limited search (Embase):

(Cylindrospermopsin OR 'cylindrospermopsin‘/exp OR Microcystins OR microcystin OR Cyanogi
'microcystin'/exp OR MicrocystnA OR 'Microcystis aeruginosa' OR 'Microcystin LA' OR Micrecys
leucinealanine OR 'microcystin la'/fexp OR Microcydtii OR 'microcystin If/exp OR MicrocydtR OR
‘Cyanoginosin LA' ORgosyHks-arginine OR 'Cyanoginosin YR' OR CyanogingRIOR 'cyanoginosin
LA' OR &-tyrosyk5-L-arginine OR 'microcystin Ir'/fexp OR MicystinLY OR 'Microcystin LY' OR
'microcystin LY'/exp OR MicrocystR OR 'Cyanoginosin LA' GRdnyt5-arginine OR 'Cyanoginosin
RR' OR Cyanoginog®R OR 'Microcystin RR' OR 'Cyanoginosin LAL@R)BIyl5-L-arginine OR
'microcystin RR'/exp OR dbcystinYR OR 'Cyanoginosin YR' OR CyanogiM&sR 'cyanoginosin L
OR 3L-tyrosyts-L-arginine OR 'microcystin YR'/exp) AND (human toxicity OR animal toxicity OR g
toxicity OR mortality OR LD50 OR LC50 OR NOAEL OR LOAEL OR adverse)

Unlimited seach (PubMed)

(Anatoxina OR Anatoxin A OR Anatoxin | OR AnBGR BRN 5477454 OR HSDB 7750 OR "anatoxil
[Supplementary Concept] OR dihydroanateai®R "dihydro anatoxia" OR "dihydro anatoxin a" OR
Nodularin OR HSDB 7749 OR "nodularin” [Suppleme@amgept]) AND (toxicolog* OR LC50 OR L(
hw bh9[ hw a¢2EAOAGEe ¢SaiaédnaS{1 8 hw Y2NIl ¢
endpoint*)) OR (toxicity AND (immun* OR renal OR hematologic* OR nephro* OR hepat* OR en
OR neuro* OR intestin* OR gasihtestin®* OR cardiovascular OR pulmonary)) OR immunotox* OR
nephrotox* OR hepatotox* OR neurotox* OR cardiotox* OR (toxicity AND (development OR

RSPSt2LIY¥Syidtt hw NBLNRRAZOGAGSOO hw a¢SNIFG23
Physiological Phenometaa S{ 1 8 hw yS2LX I &4 7\ O hw OF NOAY 2]
oA2l &aleéé¢ hw 2y023aSyArod hw Yl AylLyd hw YIf

F A
hw Ydzil 3Syr hw a0ei23SySiaAro I-()SNJ\IJ-U}\zyé h w
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Unlimited search (Embase):

(Anatoxinra OR 'Anatoxin A' OR 'Anatoxin I' &Rx-A OR '(+Anatoxin alpha' OR 'anatoxin a'/exp OR
dihydroanatoxilt  hw WRA K&RINBh w yYWRIRKEARNE | yI G2EAY | Q

AND (toxicity AND (human OR animal OR acute) OR mortality OR LD50 OR LC50 OR NOAEL (
OR adverse)

Note: The asterisk (*) is used to allow searches to find words that begin with the letters indicatedénd
in any form.

All citation results were deduplicated in EndNote (version X9.3.2) and subsequently
imported to DistillerSR fascreening. A small team of reviewers performed the
screening of titles and abstrac¢tsith one reviewer per reference, following piloting and
calibration of the screening tool. During screening, included studies were categorized
0l AaSR 2y | dziiktBeNife @nd BiSStialt NI A y 3

Cyanotoxin(s) studied

Study type if vivaq in vitro, review)

Study model (species)

Duration (acute, subchronic, or chronic)
Endpoint (e.g., genotoxicity, neurotoxicity).

= =4 -4 -4 2

Following title and abstract screening, the followiyges offull-text papers were
obtained for review, in order to determin®ased on full reportingwvhether the study
was appropriate for informing an acuteealth-basedscreening level

1 Study design: epidemiology, case reportjrovivoexperimental stdies
investigating one or more of the 11 cyanotoxins

1 Study species: mammalian (human, canine, livestock, experimental mouse
or rat, or other mammals).

Invertebrate (e.g., zebra fish experiments) anditro studies were maintained in a

reference list fopotential future reviewFull data extraction was performed for two

types of priority studie$or use in the toxicity factor evaluatiofl) experimental

animal, multidose studies with oral administratidny R S ELJ2 8 dz2NB RdzNJ G A2y &
and(2) case reports of cyanotoxin poisoning in humans and animals.
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3.2 Literature SearchResluts

Findings from these efforts were compiled as a Microsoft Excel worklibeo&in

referred to as theCyanotoxins Literature Workbot#at is provided asAttachmentA.

The dat obtained throughout the literature search and study selection are arranged in
Excel worksheets as follows:

W-1  Full list of initially included papers wittategorization data
W-2  Priority studies studygpecific data

W-3 Case report data

W-4  Citations excluded during title and abstract review

= =4 —a -9

3.21 Literature Search andBvidenceldentification

Of the 2,680 unique references screened at the title and abstract,|2v@proceeded

to full-text screenindor prioritizationof studies thatcould potentially inform the

toxicity factor evaluationOf these, 107 studies werecanine, livestock, or humacase
reports ororal, multi-doseanimal experimentsvith exposure duré A 2 y 80 day$ K
whichproceeded to data extractio(Error! Reference source not found.
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PubMed Searches Embase Searches
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Title and abstracts screened R Excluded
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. l y, \. J
4 A - ~\
n=270 n=189
. J \ y,

r

Priority animal studies Case reports
n=26 n=>55

Figurel. Flow chart of reviewed citations

Prioritized studies underwent additional data extraction, which focused on relevant
information for the evaluation bexisting toxicity factorand potential development of
an acute(shortterm) health-basedscreening levelThis included study duration, dose
levels, and endpoints of acute, muttose studies using oral administration, as well as
detailed information fom canine and livestock case reports. Extracted data
presentedin the Cyanotoxins Literature Workbogkttachment A)

3.2.2  DataAvailability

MGCLR was the most frequenttudiedcyanotoxin Table 3 shows theumber of
studies evaluating each of thé tyanotoxins (or group of cyanotoxingijthin the
studies that were included during title and abstract reviawthe in vivostudies that
were prioritized for data extraction, and the case reports detailing human or animal
exposure to cyanotoxing lakes or reservoirs.
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Table3. Frequency of specific cyanotoxin evaluation

IncludedSudies? | PrioritizedIn Vivo
Cyanotoxin (N=270) Sudies?® (N=26*) CaseReports (N=55*%)
MicrocystinLR 163 20 7
Cylindrospermopsin 38 3 1
Anatoxina 35 1 9
Total microcystins 21 2 6
Nodularin 19 0 3
MicrocystinYR 9 1 2
MicrocystinLA 8 1 4
MicrocystinRR 8 1 2
DihydroanatoxirA 4 1 4
MicrocystinLY 2 1 0
MicrocystinLF 1 1 1

aIncluded studie$rom title and abstracscreeninghat were epidemiology, case report, or vivg
mammalianexperimental studies investigating one or more of the 11 cyanotoxins

bPrioritizedin vivostudies were animal studiesith oral administration of cyanotoxafor 90 days

* As somandividualstudies investigatednore than onecyanotoxin, and at all case reports identified a
specific cyanotoxinnumbers in each column do not match the total study N

3.2.3  Priority Studies

Theprioritized studiesdetermined to bemost appropriate for the development of
short-term health-basedscreening levelbased on duration and endpoimere
ultimately relied upon for the evaluation of toxicity factors

4 Modes of Actionand Target Tissues

Available information on th@otential toxic modes of action for each cyanotoxane
summarized belovirom the mostrecentregulatoryassessments faryanotoxin
drinking waterscreening levalconducted by the WHO (202M,c) for MCs, CY,Nand
ATXa. Noauthoritativeassessments orrohking waterscreening levalhave been
established fonodularin.
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4.1 Microcystins(MC)

Inhibition of protein phosphatases (PP1, PPa&#d PP5), particularly PP1daRP2A for a
range of MC congeners (Altaner et al., 20i@pnsidered the molecular initiating event
for the toxic responsesThis causes a loss of balance between kinase phosphorylation
and phosphatase dephosphorylation of cytokeratins, resulting inadei&ation of the
cytoskeleton and microtubuli (Falconand Yeung, 1992; Feurstein et al., 2011).
Consequently, altered cell function leads to cellular apoptosis and neckesisorrhage
can occur in the liver due to damage of sinusoidal capillaries lossof cell
morphology and cello-cell adhesion following acute high doses of microcy<ng, 32
ug/kg-day and higher) Alternatively, at lower (<2Qg/kg-day) repeated doses,
phosphatase inhibition induces cell proliferation, liver hypertropdryd tumor

promotion activity (Gehringer, 2004).

MGC-LR is reportedo bethe most potent MC varianhowever,this conclusion is based
on lethal dose for 50 percent of the populatighDso) valuesfrom intraperitoneal {.p.)
exposurestudies. Several studie@sdicate that most MC variants may have similar
protein phosphatase inhibition potency. Pharmacokinetic differences among variants
may explain differences in lethal potency, lietver dataare available for MC variant
lethality via oral exposur@VHO, 2028).

4.2 Cylindrospermopsi(CYN)

The mode of action fo€YNhas not been fully determinedHowever, liver kidneys and
erythrocytes may be important targets of toxicity. Hepatotoxic effects are caus#ukby
inhibition of protein synthesis (Froscio et al., 2008). Studies investigating the potential
for protein synthesis inhibition in the kidneys are not availahl@vever, results of an
11-week oral toxicity study in mice (Humpaged Falconer, 2003) suggetsiat protein
synthesis inhibition also occurs in the kidneys.

4.3 Nodularin(NOD)

Due to its similarity ithemicalstructure toMCs NODsare anticipated to have a similar
mode of actionalthoughthere are few mechanistic studies on nodularin toxicity
(Buratti et al., 2017)LikeMCs NOD» are alsdepatotoxicand induce hepatocyte
proliferation and tumor promotion@htaet al.,1994).

4.4 Anatoxins

441 Anatoxina (ATXa)

ATXa is a ptent neurotoxin that binds with high affinity to the nicotinic acetylcholine
receptors (NAChRSs) of motor neurons. This nAChR agonist stimulates neurons in the
central nervous systemausingncreased heart rateblood pressure andhuscle cell
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contraction.This ncrease in muscle cell conttégon causes fatigue anithe eventual
paralysisof muscleswhich carresult in deathby asphyxiationwhen this occurs in
respiratory musclesATXahas 106fold higher affinity br nAChRs than acetylcholine,
resulting in a more potent contractive action and muscle overstimulation (Swanson et
al., 1986; Fawell et al., 198p

4.4.2 Dihydroanatoxina (dhATXa)

The AT>a congenerdhATXa, hasa structure and mode of actiosimilarto AT Xa.
However, a recent studylimited to mortality,suggestshat dhATXa isfour-fold more
toxic thanATXa via oral exposure (Puddick et al., 2021).

5 Development ofAcute ShortTerm) Toxicity Values and
Associatel HealthbasedScreening Levels

According to USERZ002) one-dayhealth advisoriesHAs)are meant to be protective

for exposures up tdive days and are ideally based on studies@¥endays or less. Ten
day HA are meant to be protective foexposures up to 14 days and are ideally based on
studies of 30 days or lesBherefore where possibleToxStrategieslerived RfD values
from studiesof 30 days or less. The RfD values herein should be viewastlitess §hort-
term) RfD values and not meatu be protectve of either subchronic or chronic
durations.

Sandard approaches used by USEPA (2002)T&Q (2015yere utilized for the
development ofthe RfDs particularly forthe use ofuncertainty factors (UFs). In
calculating the RfDs used to desplhuman screening levelgalues of 1, 3, or 1@vere
appliedas appropriatdor the interspecies uncertainty factor from animal to human
(UR), intraspecies variability fact§Ry), LOAEEO-NOAEL uncertainty factor, (JFand
database uncertainty faot (Ukp). When calculating the RfDs used to develop screening
levels for dogs, cattle and horses, theqWfas not appliedince thisactor is more
relevant to humansNointraspecies variability factowas appliedor animals asthere
was noempirical basi®n whichto estimate thevariabilityacross type®f dogs, cattle
and horsegertinentto the establishment ofoxicity valuesConsistent witHJSEPA
(2002) and TCEQ (2018gfaultdosimetric adjustment factofDAFs] were appd to
the study point of departurdevelsto determinehuman equivalent dose DefaultDAFs
for converting studyspecificdosesfor adjustingto human equialentdosesinclude7
(mouse) and 4 (ratPppropriate DAFsvere derivedfor determining RfDs fodogs,
cattle, and horses using TCEQ (2015) Equat®nThese DAFs amgcludedin the
Attachment Bcalculations

The derivation ofcandidate RfDs and resulticgndidatescreening levels is described in
the sections below. Tables Arbugh 12ist the recommended candidate RfQietails
regarding the studiesand candidatescreening levelsAttachment B provides additional
detail regardinghe calculatiorof candidate RfDsandidate screening leveland
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additional values nopresentdin Tables 4 through 1@ncluding some candidate RfDs
and candidate screening leveilst as reliable but included for additional information)

51 MicrocystinLR

5.1.1 Candidate RfD Values for Humans

Candidate shorterm RfD values foMCswere based on toxicity studies fMCLR
ranging in duration from 1 day to 28 days Chernoff et al. (2020) BBIC mice(N=6
males perdose group an®-9 femalesper dose groupwere administereda singleoral
gavagedoseof 0, 3, 5,7 or 9 mg/kgof MGLRandwere necropsied 2ours after
exposure. Endpoints examined includsasolute and relativéiver weighs, serum
enzymegalanine aminotransferasgAL T, aspartate amindransferasgAST, glutamate
dehydrogenas¢GLDH), albumin, globulin, total protein, and other clinical chemistry
markers.dMoribundity€ wasusedas an endpointather than lethality asthe authors
indicated the assessment of moribundity (empn-responsiveness to interaction,
hunching) provded the maximum amount of information from the animal$ie percent
of animals considered anibundwas increased in male mice & mg/kg andn female
mice at? 7 mg/kg. The relative liver weight was amadhg more sensitivedverse
findingsand was therefore subjected to benchmark dose (BMD) modeling. Many
endpoints (e.g., serum enzymeslicative of liver toxicityGLDH, AST, ALT (Chernoff et
al., 2020)]) appear to have been log transformed prior to repogt summary statistics
thesewere not modeledbecause USEPA BMD guidance recommends against modeling
such transformed response datastead USIPA recommenddransformation of
response data usings Benchmark Dose Softwaf@MD$J (USER, 2012) Note thatthe
variance reported in Chernoff et al. (20Z3ble 1 was assumed to bee standard

error and thereforewasconverted to sandard deviatiorprior to modeling.The male
relative liver weight data provided a lower BMD than female dadpecifically the
BMDLspwas 26 mg/kg-day (2600 mg/kg-day) for males Due to the short duration of
exposure(a single dose with necropsy at 24 houia)ometric scaling was not used to
extrapolate from animals to humarf§) SEPA, 2011nstead, thedJFR)was set to 10 to
account for interspecies differences in pharmacokinetics and pharmacodynamics. A
defaultUR; of 10 was applied to account for sensitive individuals. tbkel UF> was set

to 10 for deficiencies in the database of shtetm studies. Therefre, the candidate

RfD based on Chernoff et al. (20202.6 mg/kg-day(2600mg/kg-day - 1000).

In Mrdjen et al. (2018) male and female @Dnice(N =10/sex/group)were
administered ME@.R via oral gavagd doses 00, 3000, or 5000ng/kg-dayfor seven
consecutive days. After one dose of 5080/kg-day, two mice diedand therefore
beginning on the second dalye dose was lowered to 400@ig/kg-day. Theoverall
average dailglosefor the highdose group was 4148ig/kg-day. Evaluated adpoints
included serum enzymd@&ST, ALALP) and liver histopathologyHistopathologic
findings seen in the liver weteypertrophy, degeneration, necrosis, and hemorrhage.
BMD modeling of thdiver histopathological changes resulted in the lowest BMOL
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301 pg/kgdayfor degeneration in female mice. A default allometric scaling factar
for micewas applied to this valugJSEPA, 2002esulting in ehuman equivalent dose
(HED of 43ug/kg-day(301ug/kg-day- 7). Consistent with TCEQ policytbe
allometric scalingf oral studieqpp.144145 of TCEQ 2013he Uk wasthenset tol
since allometric scaling was appliéddefault Uk of 10 wasappliedto account for
sensitive individuals. The bWwas set to 10or deficiencies in the database of short
term studies. Therefore, the candidate RfD based on Mrdjen et al. (2018) ipdki
day(43ug/kg-day- 100).

In Heinze (1999) male ra{® =5/group) bred at the Umweltbundesamt Institute for
Water, Soil, and Air Hygieneere offered MGLR in drinking water for 28 days resulting
in doses of0, 50, or 15qug/kg-dayMCG-LR. Endpoints evaluated included serum
enzymeqAST, ALFALT and LDHjelative liverweight, and liver histopathology
Histopathologic findings seen in the liver weétapffer cell activation, degeneration with
hemorrhage, angberiodic acid Schiff staifPA$-positive material. The incidence of
these histopathological liver lesions was ¥ the lowdosegroup, thereby

precluding BMD modelindggased on the liver lesionS0 pug/kg-daywas considered the
study LOAEL. A default allometric scaling faotat for ratswas applied to this value
(USEPA, 2002resulting in a HED of 12ug/kg-day (50 ug/kg-day- 4). Consistent with
TCEQ policy on allometric scaling, the W&s set tol. A default Urof 10 was set to
account for sensitive individuals. Thé: was set to 3based on the absence of a clear
NOAElLand the Ubwas set to 3 for deficiencies in the database. Note that the
magnitude of the Ufrused in the derivation of these sheterm RfD valueslecrease

as the duration of the studies increasée.g., it is inherently conservative to use a
longerterm study to calculate shotterm RfDs, and the consideration of longerm
studies mitigates the database uncertainty associated with acute studies exclusively)
Therefore, the candidate RfD basedldainz (1999) is 039 ug/kg-day(12.5ug/kg-day

- 90). Note thatthe USEPA Health Advisory for MC (USEPA) 28&5a RfD 0D.05
ug/kg-daywhich is also based on liver toxicity as showrHeynze (1999)Both the
candidateand USEPA RfD are derived from the NOABQ jad/kg-day; however, a DAF
of 4 (default allometric scaling factor for rgtanda total UF of 90yYR = 10, UE= 3, Ub

= 3)was applied to theandidate RIDUSEPA did napply a DAF and simply applied a
total UF 0f1000to the NOAELUFR = 10 UR= 1Q Uk = 3 Uk = 3[note the 3s are
actually.3.16(10"0.5) in USEPA calculations)

In Fawell et al. (199) pregnant Crl:Gd mice(N =26/group) wereadministered MEGLR

via oral gavagat doses o0, 200, 600, or 200(g/kg-dayon gestationaldays @15
(GD&15). On GD18he dams were necropsied and fetusesre extracted, weighed,

and examined for external, viscerahd skeletal abnormalities. Materhtoxicity was
observed at 200Qug/kg-day. Reduced fetal weight and delayed ossification were
observed at 200Qig/kg-day, the study authors considered 6Q@/kg-day ashe NOAEL

for developmental toxicity. Due to the uncertainties of extrapolating fromgmant

dams, allometric scaling was not performeastead the URR was set to 10 to account

for interspecies differences in pharmacokinetics and pharmacodynamics. A default UF
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of 10 was applied to account for sensitive individuals. Thewds set to 3 fo

deficiencies in more detailed reproductive and developmental toxicity studies. A
candidate RfD based on Fawell et al. (1®98ould be 2.Qug/kg-day (600ug/kg-day -

300). This value was not carried forwab@&cause (1) a much lower candidate RfD was
derived from astudy ofsimilar duration (Mrdjen et al., 2018and(2) Fawell et al.

(1999%) did not present any of the developmental toxicity results in tabular or graphical
form and is therefore @oorly reportedstudy.

Recent studies have demonstrated developmental effects in BALB/c mice following
exposure to low levels &WIG-LR in drinking water. Specifically Zhang et al. (2017)
pregnant BALB/c miogere offeredMGLR at concentrations of O, 1, 10, and 50
microgram per liter|{g/L) in drinking wateff N2 Y & dai i6 thesembryonic period
tothe 2B'RI & F FOSNI 6ANIKXGKS 2FFALINARY I 6SNB
authors estimated that these concentrations equdt®e doses o, 01, 1, and fug/kg-
day. However,the Methods do not indicate that bodyeight and water intake were
measured, so it is unclear how these dose estimates wletermined.The study
focused on anogenital distance (AGD), pros(@r®state indexprostatichyperplasia,
fibrosis, necrosis, inflammatiorand androgen estrogenimbalancg, and serum
chemistry in male pups at 30 and 90 days after birth. All results were depicted
graphicallyBodyweight wassignificantly reduced in all dose grougisday 90 albeit
without an apparent doseesponse At day 30, bodweight was significantly reduced in
the intermediate group onlyAGDwassignificantly reduced in all dose grougtsday90,
albeit without an apparent doseesponse (AGD was unaffected at day 3B)otably,
AGDis often adjusted for bodyweight( Organisation for Economic &@peration and
Developmen{OECD 2008a]jvhich was not done in this studgodyweight was
reducedin the middose group at 30 days. Immunostaining for Ki67 (a marker of cell
proliferation) was significantly increaséuthe prostatein the highest dose group at 90
days. Serum testosterone was significantly reduicesll 3 dose groupat 90 days, again
without an apparent doseesponse. Although mechanistic investigations are beyond
the current scope of this project, later phases of masculinization programanang
governed by the hypothalamigituitary-gonadal (HPG) axis. As such, effects on this axis
might lead to reduced testosteronelecreased AGIand prostate effects. Recent
studies indicatd that MG-LR can alter the HPG axis of adult male mictoaes of 7.5
pg/kg-day(Xiong et al., 2014), which migéxplainwhy the effects repordin Zham et
al. (2017) were observed at 9@ys and not at 30 days.

In another reproductive study focusing on male prostate in mice, Han et aR)201
offered pregnant BALB/c middlG-LR in drinking water at concentrations@f10, or 50
ug/L fromembryonic dayED21to postnatal day PND 21. Using the same estimates
from Zhang et al. (207 above, these doses approximately equéite O, 1, and fug/kg-
day. The data are presented graphically without indications of variance or statistical

significance buindicateanincrease in the percentage of dams havamyt | 6 2 NIi A 2 Y €

(control = 0%, 1Qg/L = 19%, 50g/L = 50%).
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Taken together, these newer studies indichtéOAENalues for adverseeproductive
and developmentagffects at 0.1 or Jug/kg-day. Assuming a composite UF3if0
(UR=10, UR=10, UE= 3, Ub = 3), the candidate RfD values would be 0.Q06r1

0.0011 pg/kg-day. Thesecandidate Rflyalues aranuchlower than the RfD values the
USEPA (0.0%g/kg-day) and OEHHA (0.0Q®/kg-day) derivedfrom Heinz et al. (1999)
in the development of their HAs f@1GLR.Thesecandidate Rflvaluesbased orzhang
et al. (2017) and Han et al. (201@¢re not carried forwardn our developmentof
health-basedscreening levels due to concerns about the study quality and consistency
with other studiesWith regard to study quality, there adeficienciesn the reporting

of doses and muchfahe response datare presented graphicallthereby precluding
statistical verification and/or doseesponse modeling. Several effects also appear to
lack a doseesponsecalling into question the relationship between exposure and
toxicity. Microcystins areonsidered to bevery stable Fastner and Humpage, 202 ve
are unawareof degradation products being of toxicological conce@iven the overall
low exposures relative to other MCR assays described herein, it seems unlikely that
these concentrations have already induced maximal responses betw&8rufy/L and
that the monotonic doseesponse lies at lower concentratiand/ith regard to
consistencywe note that Fawell et al. (1999did not observe developmental toxicity in
miceexposed tanuch highedosesof MGLR 2000r 600 ug/kg-day) administeredby
oral gavagen GD@15. Although it is nosstated in the publicationthe Fawell et al.
(1999a)studyappearsto have been conductedt a contract laboratory or government
facility and thus may have been conducted in compliance with regulajargance such
asGood LaboratoryPractices. Overall the reported effects atloses 00.1 and lug/kg-
dayfollowingdrinkingwater exposure seermconsistent with other similar studies
where the data are bette(i.e.,more transparentlyreported.

5.1.2 Candidate Shorterm Health-BasedScreening Levelfer Humans

For each of the candidate RfD values (with the exception of the developmental studies
by Fawell et al[19994, Zhang et al2017], and Han et a[2019), three candidate
screenindevels were developed for humans: adult drinking water, child drinking water,
and child recreational values. The drinking water values were derived in an analogous
fashionto the USEPA Health Advisooy MC (USEPA, 2015). For adults, eaahdidate

RfD was converted to an equivalent water concentration assuming an 80 kg adult
consumes 2.5 L of contaminated water per day:

HA (ng/L) = RfD¥ 80 kg- 2.5 L/day

C2NJ OKAft RNBYZ gl 0SNIAYyGF1S RFEOGF FNRBY ! {9t! Q3
was used to compute a time weightedreragedd" percentile for intake of 0.15 L/kg
bodyweight per dayfor children with theage range®f 1 to 12 months:
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HA (/L) = RfD 0.15 L/kgday

Recreational exposure values were developed using an approach described in OEHHA
(2012). OEHHA derived recreational water intake values for different age groups and
concluded that children 7 to 10 years of age had the highest ingestiontate

swimming:

HA (/L) = RfD¥ 30.25 kg- 0.25 Lday

Candidate balth-basedscreening levelfor drinking waterscenarios using the above
candidate RfD values are shown in TablBecreationalscreening levelsan be found in
the Cyanotoxin Toxicityalues andcreening Leveldorkbook(AttachmentB).
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Table4.

Candidate human healtfbased drinking water screening levels faricrocystinLR

Human
Candidate Point of Equivalent Candidate

Target Age| RfD Study Study Administered | Departure Dose Uncertainty Screening

Group (ug/kg-day) | Duration | Species | Doses (ng/kg-day) | (ng/kg-day) | Factors Endpoint | Level (pg/L) | Study Notes

Adult 2.6 1 day Mouse | 0, 3,5,7 or9| 2600(BMDL) | 2600 1000 Relative | 83.2 Chernoff | Drinking
mg/kg (no DAF) (UR-=10, liver etal. water

UR =10, weight (2020)
U =10)

Adult 0.43 7 days Mouse | 0, 3000, or 301 (BMD). | 43 100 Liver 13.8 Mrdjen et | Drinking
4000/5000 (DAF =7) (UR=1, histopath al. (2018) | water
mg/kg-day; UR =10, ology
average daily U =10) (degenera
dose for high tion)
dose groupof
4143 mg/kg
day

Adult 0.139 28 days | Rat 0, 50, or 150 | 50(LOAEL) | 125 0 Liver 4.4 Heinze Drinking
po/kg-day (DAF = 4) (UR=1, lesions (1999) water

UR¢=10, (incl.

UR=3, degenerat

U =3) ion)
USEPA HA 0.05 28 days | Rat 0, 50, or 150 | 50 (LOAEL) | 50 1000 Liver 1.6 Heinze Drinking
adult* ug/kg-day (no DAF) (UR =10, toxicity (1999) water

UR =10,

UR =3,

U =3)

Child 2.6 1 day Mouse | 0, 3,5,7or9| 2600(BMDL) | 2600 (no 1000 Relative | 17 Chernoff | Drinking
mg/kg DAF) (UR=10, liver et al. water

UR=10, weight (2020)
U =10)
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Human
Candidate Point of Equivalent Candidate
Target Age| RfD Study Study Administered | Departure Dose Uncertainty Screening
Group (ug/kg-day) | Duration | Species | Doses (ug/kg-day) | (ug/kg-day) | Factors Endpoint | Level (ug/L) | Study Notes
Child 0.43 7 days Mouse | 0,3000, or 301 (BMDL) | 43 100 Liver 3 Mrdjen et | Drinking
4000/ 5000 (DAF =7) (UR=1, histopath al. (2018) | water
mg/kg-day; UR=10, ology
average daily URh=10) (degenera
dose for high tion)
dose group of|
4143 mg/kg
day
Child 0.139 28 days | Rat 0, 50, or150 | 50(LOAEL) | 125 90 Liver 0.9 Heinze Drinking
po/kg-day (DAF = 4) (UR=1, lesions (1999) water
UR =10, (incl.
UR=3, degenerat
U =3) ion)
USEPA HA 0.05 28 days | Rat 0, 50, or 150 | 50 (LOAEL) | 50 1000 Liver 0.3 Heinze Drinking
child* Hng/kg-day (no DAF) (UR=10, toxicity (1999) water
UR=10,
UR =3,
U =3)

* Regulatoryscreening levels are indicated with an asterisk and blue, italicized text
BMDL¢ benchmark dose level, DARIosimetric adjustment factgHA- health advisoryincl. ¢ including, LOAELowest observed adverse effect level, mg/kg

¢ milligram per kilogram, mg/kday¢ milligram per kilogram per da@EHHA/ | ft AT2 Ny Al 9t ! Qa4 hF¥TFAOS 2F 9QRMEANRY YSy il f
reference doseUFR - interspeciesuncertainty factor from animal to human, YFdatabase uncertainty factor, WFintraspecies variability factot)k - LOAEL
to-NOAEL uncertainty factgug/kg-day¢ microgram per kilogram dayg/L ¢ microgram per liter USEPA US Environmental Protéon Agency
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5.1.3 Candidate RfD Values for Animals

Candidate RfDalues were developed for dogs, horses, and cattle using the studies
above with the addition of a onday study by Jackson et al. (1984) that measured
mortality in sheep exposed to microcysiiiR intraruminally. The highest négthal dose

in that study vas 3700mg/kg. Due to the short duration of exposure (one day),
allometric scaling was not used to extrapolate across animal species. Insteadthe UF
was set to 10 to account for interspecies differences in pharmacokinetics and
pharmacodynamics. The b#was set to 10 for deficiencies in the database of shenn
studies. Therefore, the candidate RfD based on Jackson et al. (1984hdgkgjfday
(3700mg/kg-day- 100). Similarly, the onday study by Chernoff et al. (2020), see
above, results in a candidate RfD ofra@/kg-day (2600mg/kg-day - 100).

Speciesspecific candidate RfD values were derived from the selagnstudy immiceby
Mrdjen et al. (®18) and the 2&lay study irrats by Heinz (1999) by taking the point of
departure (POD) values described in Sectidnl and allometrically scaling to dogs (20
kg), horses (418 kg) and cattle (590 kg). The body weight for dogs was based on data
presentedin OEHHA (2012). Body weight for horses was based on USEPA (1988). The
body weight values for cattle were based on data from beef cattle (63Skgll dairy

cattle (454 kgpand large dairy cattle (680 kgdntained in OEHHA (2012he average

body weidnt for the three types of cattle is 590 kg (calculated frof/BHHA 2012
Regardless of which cattle body weight was used or whether the cattle body weights
were averaged, the allometric scaling factors were comparable, and therefore, a generic
RfD was deved for cattle.

The candidate RfD values for dogs, horses, and cattle based on the above toxicity
studies are shown in Table 5.
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Table5.

Candidate animal healthbbased drinking water screening levels faricrocystinLR

Species
Equivalent Candidate
Point of Dose Screening
Target | CandidateRfD | Study Study | Administered | Departure (ng/kg- Uncertainty Level
Species| (ug/kg-day) Duration | Species | Doses (ng/kg-day) | day) Factors Endpoint | (ug/L) Study Notes
Dogs 37 1 day Sheep | 0,730-1840 | 3700 (NOAEL| 3700 100 Mortality | 145 Jackson
mgdry (no DAF) (UR=10, etal.
algael/kg UR=1 (1984)
(2.7-6.7 mg U =10)
MC kg
[OEHHA
2012)
Dogs 26 1 day Mouse | 0,3,5,7o0r 9| 2600 (BMDL | 2600 100 Relative | 102 Chernoff
mg/kg (no DAF) (UR =10, liver et al.
UR=1, weight (2020)
Uk = 10)
Dogs 5.7 7 days Mouse | 0, 3000, or 301(BMDD 57 10 Liver 22 Mrdjen
4000/ 5000 (DAF =5.3)| (UR=1, histopat etal.
mg/kg-day; UR=1, hology (2018)
average daily U= 10) (degener
dose for high ation)
dose group of
4143 mg/kg
day
Dogs 19 28 days | Rat 0, 50, or 150 | 50 (LOAEL) | 17 9 Liver 7.3 Heinze
ug/kg-day (DAF =3) (UR=1 lesions (1999)
UR=3, (incl.
U= 23) degenera
tion)
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Species

Equivalent Candidate
Point of Dose Screening
Target | CandidateRfD | Study Study Administered | Departure (ng/kg- Uncertainty Level
Species| (ug/kg-day) Duration | Species | Doses (ug/kg-day) | day) Factors Endpoint | (ug/L) Study Notes
Dogs* | 37 1 day Sheep | 0,7301840 | 3700 (NOAEL 3700 100 Mortality | 100 Jackson | OEHHA,
mg dry (no DAF) (U= 10, et al. based on
algae/kg UrR=1 (1984) acute RfD
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Dogs* | 0.64 28 days | Rat 0,50, 0or 150 | 6.4 (BMDL) | 6.4 10 Liver 2 Heinze OEHHA,
pg/kg-day (no DAF) | (UR=3 toxicity (1999) based on
Uk=23) subchronic
RfD
Dairy 37 1 day Sheep | 0, 7361840 | 3700 (NOAEL| 3700 100 Mortality | 54 Jackson
cattle mg dry (no DAF) (UR =10, etal.
algae/kg UR=1 (1984)
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Dairy 26 1 day Mouse | 0, 3,5,7or 9| 2600 (BMDL)| 2600 100 Relative | 38 Chernoff
cattle mg/kg (no DAF) (UR=10, liver etal.
UR=1, weight (2020)
Uk =10)
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Species

Equivalent Candidate
Point of Dose Screening
Target | CandidateRfD | Study Study Administered | Departure (ng/kg- Uncertainty Level
Species| (ug/kg-day) Duration | Species | Doses (ug/kg-day) | day) Factors Endpoint | (ug/L) Study Notes
Dairy 2.4 7 days Mouse | 0, 3000, or 301 (BMDL) | 24 10 Liver 3.5 Mrdjen
cattle 4000/ 5000 DAF =12.4) (UR=1, histopat et al.
mg/kg-day; UR=1, hology (2018)
average daily Uk =10) (degener
dose for high ation)
dose group of
4143 mg/kg
day
Dairy 0.79 28 days | Rat 0, 50, or 150 | 50 (LOAEL) | 7 9 Liver 12 Heinze
cattle po/kg-day (DAF=7) | (UR=1, lesions (1999)
UR =3, (incl.
Uk =3) degenera
tion)
Dairy 37 1 day Sheep | 0,73061840 | 3700 (NOAEL 3700 100 Mortality | 50 Jackson | OEHHA,
cattle* mg dry (no DAF) (U= 10, et al. based on
algael/kg UR=1 (1984) acute RfD
(2.7-6.7 mg Uk =10)
MC/ kg
[OEHHA
2012))
Dairy 0.64 28 days | Rat 0,50, or 150 | 6.4 (BMDL) | 6.4 10 Liver 0.9 Heinze OEHHA,
cattle* pa/kg-day (no DAF) (UR=3, toxicity (1999) based on
Uk =23) subchronic
RfD
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Species

Equivalent Candidate
Point of Dose Screening
Target | CandidateRfD | Study Study Administered | Departure (ng/kg- Uncertainty Level
Species| (ug/kg-day) Duration | Species | Doses (ug/kg-day) | day) Factors Endpoint | (ug/L) Study Notes
Beef 37 1 day Sheep | 0,7361840 | 3700 (NOAEL 3700 100 Mortality | 176 Jackson
cattle mg dry (no DAF) (U= 10, et al.
algae/kg UR=1, (1984)
(2.76.7 mg U= 10)
MC/ kg
[OEHHA
2012))
Beef 26 1 day Mouse | 0, 3,5,7or 9| 2600 (BMDL)| 2600 100 Relative | 124 Chernoff
cattle mg/kg (no DAF) (UR=1Q liver etal.
UrR=1, weight (2020)
Uk =10)
Beef 2.4 7 days Mouse | 0, 3000, or 301 (BMDL) | 24 10 Liver 11.6 Mrdjen
cattle 4000/ 5000 DAF =12.4) (UR=1, histopat etal.
mg/kg-day; UR=1, hology (2018)
average daily Uk =10) (degener
dose for high ation)
dose group of
4143 mg/kg
day
Beef 0.79 28 days | Rat 0, 50, or 150 | 50 (LOAEL) | 7 9 Liver 3.8 Heinze
cattle pno/kg-day (DAF=7) | (UR=1, lesions (1999)
UR=3, (incl.
Urh=3) degenera
tion)
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Species

Equivalent Candidate
Point of Dose Screening
Target | CandidateRfD | Study Study Administered | Departure (ng/kg- Uncertainty Level
Species| (ug/kg-day) Duration | Species | Doses (ug/kg-day) | day) Factors Endpoint | (ug/L) Study Notes
Beef 37 1 day Sheep | 0,7301840 | 3700 (NOAEL 3700 100 Mortality | 200 Jackson | OEHHA,
cattle* mg dry (no DAF) (U= 10, et al. based on
algae/kg UR=1, (1984) acute RfD
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Beef 0.64 28 days | Rat 0,50, 0or 150 | 6.4 (BMDL) | 6.4 10 Liver 3 Heinze OEHHA,
cattle* pg/kg-day (no DAF) (UR =3, toxicity (1999) based on
Urp= 3) subchronic
RfD
Horses | 37 1 day Sheep | 0, 7361840 | 3700 (NOAEL| 3700 100 Mortality | 206 Jackson
mg dry (no DAF) (UR =10, etal.
algae/kg UR=1, (1984)
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Horses | 26 1 day Mouse | 0, 3,5,7or 9| 2600 (BMDL)| 2600 100 Relative | 144 Chernoff
mg/kg (no DAF) (UR=1Q liver et al.
UR=1, weight (2020)
Uk = 10)
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Species
Equivalent Candidate
Point of Dose Screening
Target | CandidateRfD | Study Study Administered | Departure (ng/kg- Uncertainty Level
Species| (ug/kg-day) Duration | Species | Doses (ug/kg-day) | day) Factors Endpoint | (ug/L) Study Notes
Horses | 2.6 7 days Mouse | 0, 3000, or 301 (BMDL) | 26 10 Liver 14 Mrdjen
4000/ 5000 (DAF = (Um=1, histopat et al.
mg/kg-day; 11.8) UR=1, hology (2018)
average daily Uk =10) (degener
dose for high ation)
dose group of
4143 mg/kg
day
Horses | 0.84 28 days | Rat 0, 50, or 150 | 50 (LOAEL) | 7.6 9 Liver 5 Heinze
pg/kg-day (DAF 6.6) | (UR=1, lesions (1999)
UR=3, (incl.
U= 3) degenera
tion)

* Regulatory screening levels are indicated with an asterisk and blue, italicized text

BMDL¢ benchmark dose level, DARlosimetric adjustment factor, HAhealth advisory, inck, including, LOAELowest observed adverse effect levMC¢
microcystin mg/kg ¢ milligram per kilogram, mg/kday¢ milligram per kilogram per dafJOAEL no observed adverse effect lev€@EHHA/ | £ A ¥ 2 NI/ A |
Office of Environmental Health Hazard Assessniefidg reference dose, U interspecies uncertaty factor from animal to human, YFdatabase

uncertainty factor, UrF LOAE#0-NOAEL uncertainty factor, pghigy ¢ microgram per kilogram day, pgélmicrogram per liter

9t !
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5.1.4 Candidate ShorTerm HealthBased Screening Levels for Animals

5.1.4.1 Candidate ShoHTerm HealthlBased Drinking Water Screening Levels for
Animals

For each of the candidate RfD values abeamdidatehealth-based screening levels

were developed for dogs based on a recreational swimming scenario described in
OEHHA (2012) ardtinking water scenarios for horses, beef cattle, and dairy cattle. For
dogs, the exposure scenario was based on ingestion during one hour of
exercise/swimming and included exposures from drinking and grooming that result in an
estimated ingestion rate d3.085 L/kg of ingestion per dafccording to OEHHA (2012),
animals are known to preferentially consume cyanobactedataminated watey

therefore OEHHA applied a thrdeld factor to this ingestion rate, resulting in 0.255

L/kg bodyweightper day Thedog HA based on this exposure scenario is as follows:

HAuog, swimming(ng/L) = RfD 0.255 L/kgday

Dairy and beef cattle were estimated to consume water at 0.23-téygand 0.07 L/kg
day, respectively. Again, OEHHA applied a tHrae factor to thisingestion rate,
resulting in 0.69 L/kglayand 0.21 L/kefday, respectively:

HAcattle, dairy(/?g/l_) = RfD 0.69 L/kgday

HAcattIe, beet(ngll_) = RfD 0.21 L/kgday

A water intake rate for horses of 0.06 L/Bgywas taken from Freeman et al. (2021).
For consistency, we applied a thréad factor to this ingestion rate, resulting in 0.18
L/kg-day.

thorses,(mg/L) = RfD 0.18 L/kgday

Candidate balth-based screening levels for these scenarios using the abowkdzde
RfD values are shown in Table 5.

5.1.4.2 Candidate ShofTerm Health-BasedCrust/MatScreening Levelsr Animals

For each of the candidate RfD values above (Section She&}h-basedscreening

levelsfor exposure to cyanotoxins in mats and crusts were developed for dogs based on
a recreational scenario described in OEHHA (2012) and grazing scenarios for horses,
beef cattle, and dairy cattle. For dogs, the exposure scenagbased on the

observationd K & R23a | NB (y2¢6y (2 O2yadzyS |y SydaAin

within just a few minutesTherefore it was assumed that a 2@ dog that consumes
~0.5 kg feed per day (0.0Rg/kg) might consume 0.5 kg of mats and crusts. Again, a
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three-fold factor was applied to this ingestion rateesulting in 0.075 kg mats/kg body
weightper day Therefore, thedogscreening levelfor crust/matis derivedas follows:

HAu0g(mg/kg feed) = RfD 0.075 kg/kg B\Hay - 1000 m1g/mg

Dairy and beef cattle werestimated to consume-10% of the dietary intakef
mats/crusts, which equates 10.0026 kg/kg bodyveightper dayand 0.001%g/kg body
weightper day respectivelyOEHHA appliedthree-fold factor to this ingestion rate
resulting in 0.0078 kg/kg bodyeightper dayand 0.006 kg/kg bodweightper day
respectively Therefore, the dairy and beef catbereening level for crust/mat are
calculated as follows:

HAcate, dai(mg/kg feed) = RfD 0.0078 kg/kgday - 1000 /7g/mg

HAcatte, beetmMg/kg feed) =RfD- 0.006 kg/kgday - 1000 /mg/mg

Feed intake in horsesagestimated by allometric scaling formulas in USEPA (1998)
resulting in 8.6 kg/day (0.065BW”0.7919). Similar to cattleve assumed that ~10% of
the dietary intake woulde composed of mats/crusts (i.e., 0.86 kg)herefore, we
estimated an intake rate of 0.0018 kg/kg bodgight per day(0.86 kg 481 kg).
Applying ahree-fold factor to this ingestion rate resat in 0.0054 kg/kg bodyeight
per day Therefore, théhorsescreening levdior crust/matis derivedas follows:

HAnorse(Mmg/kg feed) = RfD 0.0054 kg/kgday - 1000 m/mg

Candidate balth-based screening levelsr these scenarios using the above candidate
RfD values are shown in Talble

34



Table6.

Candidate animal mat/crust healtibased screening levels for microcystirR

Candidate
Screening
Candidate Point of Species Level
RfD Departure | Equivalent (mag/kg,
Target | (ng/ko- Study Study Administered | (ng/kg- Dose Uncertainty dry
Species | day) Duration | Species | Doses day) (ng/kg-day) | Factors Endpoint | weight) Study Notes
Dogs 37 1 day Sheep | 0, 7361840 | 3700 3700 100 Mortality | 0.5 Jackson
mg dry (NOAEL) | (no DAF) (UR =10, et al.
algae/kg UR=1, (1984)
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Dogs 26 1 day Mouse |0, 3,5,7or 9| 2600 2600 100 Relative | 0.35 Chernoff
mg/kg (BMDL) (no DAF) (UR=1Q liver et al.
UR=1, weight (2020)
U =10)
Dogs 5.7 7 days Mouse | 0, 3000, or 301 57 10 Liver 0.08 Mrdjen
4000/ 5000 | (BMDL) (DAF =5.3) | (UR=1 histopat etal.
mg/kg-day; UR=1, hology (2018)
average daily U= 10) (degener
dose for high ation)
dose group of|
4143 mg/kg
day
Dogs 19 28 days | Rat 0, 50, or 150 | 50 17 9 Liver 0.025 Heinze
pg/kg-day (LOAEL) | (DAF =23) (Um=1 lesions (1999)
UR=3, (incl.
U= 3) degenera
tion)
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Candidate

Screening
Candidate Point of Species Level
RfD Departure | Equivalent (mg/kg,
Target | (ug/kg- Study Study Administered | (ug/kg- Dose Uncertainty dry
Species | day) Duration | Species | Doses day) (ug/kg-day) | Factors Endpoint | weight) Study Notes
Dogs* | 37 1 day Sheep | 0,7361840 | 3700 3700 100 Mortality | 0.5 Jackson | OEHHA,
mg dry (NOAEL) | (no DAF) (U =10, etal. based on
algae/kg UR=1, (1984) acute RfD
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Dogs* | 0.64 28 days | Rat 0, 50, 0r 150 | 6.4 6.4 10 Liver 0.01 Heinze OEHHA,
pg/kg-day (BMDL) (no DAF) (UR=3, toxicity (1999) based on
U= 3) subchronic
RfD
Dairy 37 1 day Sheep | 0, 73061840 | 3700 3700 100 Mortality | 5 Jackson
cattle mg dry (NOAEL) | (no DAF) (U= 10, etal.
algae/kg UR =1, (1984)
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Dairy 26 1 day Mouse |0, 3,5,7or 9| 2600 2600 100 Relative | 3 Chernoff
cattle mg/kg (BMDL) (no DAF) (UR=1Q liver etal.
UR=1, weight (2020)
Uk = 10)
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Candidate

Screening
Candidate Point of Species Level
RfD Departure | Equivalent (mg/kg,
Target | (ug/kg- Study Study Administered | (ug/kg- Dose Uncertainty dry
Species | day) Duration | Species | Doses day) (ug/kg-day) | Factors Endpoint | weight) Study Notes
Dairy 2.4 7 days Mouse | 0, 3000, or 301 24 10 Liver 0.3 Mrdjen
cattle 4000/ 5000 | (BMDL) DAF =12.4) | (UR=1, histopat etal.
mg/kg-day; UR=1, hology (2018)
average daily U= 10) (degener
dose for high ation)
dose group of
4143 mg/kg
day
Dairy 0.79 28 days | Rat 0, 50, or 150 | 50 7 9 Liver 0.1 Heinze
cattle pg/kg-day (LOAEL) | (DAF=7) (UR=1, lesions (1999)
UR=3, (incl.
U= 3) degenera
tion)
Dairy 37 1 day Sheep | 0, 7301840 3700 3700 100 Mortality | 5 Jackson | OEHHA,
cattle mg dry (NOAEL) | (no DAF) (U =10, et al. based on
algae/kg UR=1, (1984) acute RfD
(2.7-6.7 mg U =10)
MC/ kg
[OEHHA
2012))
Dairy 0.64 28 days | Rat 0,50, or 150 | 6.4 6.4 10 Liver 0.1 Heinze OEHHA,
cattle po/kg-day (BMDL) (no DAF) (UR=3, toxicity (1999) based on
Uk =3) subchronic
RfD
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Candidate

Screening
Candidate Point of Species Level
RfD Departure | Equivalent (mg/kg,
Target | (ug/kg- Study Study Administered | (ug/kg- Dose Uncertainty dry
Species | day) Duration | Species | Doses day) (ug/kg-day) | Factors Endpoint | weight) Study Notes
Beef 37 1 day Sheep | 0, 7301840 3700 3700 100 Mortality | 6 Jackson
cattle mg dry (NOAEL) | (no DAF) (UR =10, et al.
algae/kg UR=1, (1984)
(2.7-6.7 mg U =10)
MC/ kg
[OEHHA
2012))
Beef 26 1 day Mouse |0, 3,5,7o0r 9| 2600 2600 100 Relative | 5 Chernoff
cattle mg/kg (BMDL) (no DAF) (UR=1Q liver et al.
UR=1, weight (2020)
U= 10)
Beef 2.4 7 days Mouse | 0, 3000, or 301 24 10 Liver 0.4 Mrdjen
cattle 4000/ 5000 | (BMDL) DAF =12.4) | (UR=1, histopat et al.
mg/kg-day; UR=1, hology (2018)
average daily Uk =10) (degener
dose for high ation)
dose group of]
4143 mg/kg
day
Beef 0.79 28 days | Rat 0, 50, or 150 | 50 7 9 Liver 0.1 Heinze
cattle po/kg-day (LOAEL) | (DAF=7) (UR=1, toxicity (1999)
UR=3, Liver
Uk =23) lesions
(incl.
degenera
tion)
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Candidate

Screening
Candidate Point of Species Level
RfD Departure | Equivalent (mg/kg,
Target | (ug/kg- Study Study Administered | (ug/kg- Dose Uncertainty dry
Species | day) Duration | Species | Doses day) (ug/kg-day) | Factors Endpoint | weight) Study Notes
Beef 37 1 day Sheep | 0, 7301840 3700 3700 100 Mortality | 6 Jackson | OEHHA,
cattle* mg dry (NOAEL) | (no DAF) (U =10, etal. based on
algae/kg UR=1, (1984) acute RfD
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Beef 0.64 28 days | Rat 0,50, 0or 150 | 6.4 6.4 10 Liver 0.1 Heinze OEHHA,
cattle* Hg/kg-day (BMDL) (no DAF) (UR=3, toxicity (1999) based on
U= 3) subchronic
RfD
Horses | 37 1 day Sheep | 0, 73061840 | 3700 3700 100 Mortality | 6.9 Jackson
mg dry (NOAEL) | (no DAF) (UR =10, et al.
algae/kg UR=1, (1984)
(2.7-6.7 mg Uk = 10)
MC/ kg
[OEHHA
2012))
Horses | 26 1 day Mouse |0, 3,5,7or 9| 2600 2600 100 Relative | 4.8 Chernoff
mg/kg (BMDL) (no DAF) (UR=10 liver etal.
UR=1, weight (2020)
Uk = 10)
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Candidate
Screening
Candidate Point of Species Level
RfD Departure | Equivalent (mg/kg,
Target | (ug/kg- Study Study Administered | (ug/kg- Dose Uncertainty dry
Species | day) Duration | Species | Doses day) (ug/kg-day) | Factors Endpoint | weight) Study Notes
Horses | 2.6 7 days Mouse | 0, 3000, or 301 26 10 Liver 0.5 Mrdjen
4000/ 5000 | (BMDL) (DAF =11.8) (UR=1, histopat etal.
mg/kg-day; UR=1, hology (2018)
average daily Uk =10) (degener
dose for high ation)
dose group of]
4143 mg/kg
day
Horses | 0.84 28 days | Rat 0, 50, or 150 | 50 7.6 9 Liver 0.16 Heinze
po/kg-day (LOAEL) | (DAF=6.6) | (UR=1 toxicity (1999)
UR =3, Liver
U =23) lesions
(incl.
degenera
tion)

* Regulatory screening levels are indicated with an asterisk anditdiieized text

BMDL¢ benchmark dose level, DARlosimetric adjustment factor, HAhealth advisory, inck; including, LOAELowest observed adverse effect levMC¢
microcystinmg/kg ¢ milligram per kilogram, mg/kday¢ milligram per kilogram per dajJOAEL- no observed adverse effect leyv@EHHA/ | £ A T2 Ny Al 9t ! ¢
Office of Environmental Health Hazard AssessniRfidg reference dose, UF interspecies uncertainty factor from animal to humanpUBatabase

uncertainty factor, UF LOAE#0-NOAEL uncertaintiactor, pg/kgday¢ microgram per kilogram day, pgémicrogram per liter
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5.2 Cylindrospermopsir{CYN)

5.2.1 Candidate RfD/aluesand Short TermHealth-BasedDrinking Water
Screening Level®r Humans

Candidate shorterm RfD values fo€YNwvere based on a single 4teek study with
support from a developmental toxicity studyn Humpage and Falconer (2003) male
Swiss Albino miceNE 10 per groupwere administered, 30, 60, 120, or 240g/kg-day
CYNoy oral gavage for 11 weeks. At study meination, organs were weighed, clinical
chemistry and hematological endpointgere measured, and histological examination
was conducted on numerous organs. Urine protein/creatinine levels were significantly
decreased at 120ug/kg-day. Serum liver enzymesere notalteredsignificantly. Liver
histopathology was altered at 24@)/kg-day, R S & O NA rdirdiRncreases in
histopathological damage to the livgbut the lesions were notlescribedfurther.

Relative kidney and liver weighivere increasedsignificantly aé 60 pg/kg-dayand at
240ug/kg-day, respectively. The study authors noted that the studyARO would be 30
ug/kg-daybased on organ weights or ¢@/kg-dayif based on urine protein levels. BMD
modeling of the relative kidney wght resulted in a BMOkpof 17.9ug/kg-day. A

default allometric scaling factaf 7 for micewas applied to this valugJSEPA, 2002)
resulting in a HED of 2\&)/kg-day(17.9ug/kg-day- 7), and the Ugwas set tol. A

default Ul of 10 wasappliedto account for sensitive individuals. Thepgwas set to 3

for deficiencies in the database. Therefore, the candidate RfD based on Humpage and
Falconer (2003) is 0.08®/kg-day (2.6 ug/kg-day - 30).

In Sibaldode Almeida et al. (2013) pregnant Wistar rés=10/group) were givero,

0.03, 0.3, or 3ig/kg-dayMCLR by oral gavage on G{20. OnGL20, the dams were
necropsied and fetussextracted, weighed, and examined for skeletal and visceral
malformations. Mé&ernal reproductive organs were evaluated, and the number of
fetuses, implantation sites, and resorptiongre counted. No adverse effects were
observed and thus the study NOAEL wagig/kg-day. Due to the uncertainties of
extrapolating from pregnant das) the Uk was set to 10 to account for interspecies
differences in pharmacokinetics and pharmacodynamics. A defaulofU© was

applied to account for sensitive individuals. The Was set to 3 for deficiencies in more
detailed reproductive and developmental toxicity studies. A candidate RfD based on
Sibaldo de Almeida et al. (2013) would be Qu@ikg-day (3 pg/kg-day- 300). This value
was not carried forwargbecauseof (i K eestanding b h! 9[ = gA 0K y 2
shown in the study with relatively low doses

ThecandidateRfD of 0.08%ug/kg-dayand the exposure scenarios described in Section
5.1.2 result in theeandidatehealth-based drinking watescreening levelshown in
Table 7.
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Table7.

Candidate human healtfbased drinking water screening levels for cylindrospermopsin

Candidate Point of Human Candidate
Target RfD Departure | Equivalent Screening
Age (ng/kg- Study Study Administered | (ug/kg- Dose(ug/kg- | Uncertainty Level
Group day) Duration | Species | Doses day) day) Factors Endpoint | (pg/L) Study Notes
Adult 0.085 11 weeks| Mouse | 0, 30, 60, 17.9 2.6 30 Relative | 2.7 Humpage | Drinking
120, or 240 | (BMDL) (DAF=7) (UR=1, Kidney & Falconer | water
po/kg-day UR=10, weight (2003)
UR=1
U =3)
USEPA H/4 0.10 11 weeks| Mouse | 0, 30, 60, 30 30 300 Kidney 3.2 Humpage | Drinking
adult* 120, or 240 | (NOAEL) | (no DAF) (U= 10, toxicity & Falconer | water
ug/kg-day UR = 10, (2003)
UrR=1
U= 23)
Child 0.085 11 weeks| Mouse | 0, 30, 60, 17.9 2.6 30 Relative | 0.6 Humpage | Drinking
120, or 240 | (BMDL) (DAF =7) (UR=1, Kidney & Falconer | water
pg/kg-day UR= 10, weight (2003)
UR=1
U= 23)
USEPAA | 0.10 11 weeks| Mouse | 0, 30, 60, 30 30 300 Kidney 0.7 Humpage | Drinking
child* 120, or 240 | (NOAEL) | (no DAF) (UR = 10, toxicity & Falconer | water
po/kg-day Uk = 10, (2003)
UrR=1
U= 23)

* Regilatory screening levels are indicated with an asterisk and blue, italicized text

BMDL¢ benchmark dose level, DARlosimetric adjustment factgHA- health advisoryNOAEL- no observed adverse effect level, RfDeference dose, UF
interspecies upertainty factor from animal to human, UFdatabase uncertainty factor, WFintraspecies variability factor, UH_LOAE#o-NOAEL uncertainty

factor, pg/kg-day ¢ microgram per kilogram daug/L ¢ microgram per liter USEPA US Environmental ProtecticAgency
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5.2.2 Candidate RfD Valuesnd ShortTermHealth-BasedScreening Levelsr
Animals

Candidate RfD values were developed for dogs, horses, and cattle using Humpage and
Falconer (2003) and the same allometric scaling described in Section 5.1.2. In addition,
three studies were used to develop candidate RfD values based on mortality. As
descibed in OEHHA (2012), data from Shaw et al. (2000) and Seawright et al. (1999)

g SNB dza SR {0 2letliaRIGsHSA¥ S Speclficalyy, Sgawright et al. (1999)
exposed miceviasingle oraavageto 4.4¢8.3 mg/kgCYNas asuspension of freeze

dried cdls and found the lowest dose to induce lethaligjthin 2-6 days(which was 4.4
mg/kg), whereas Shaw et al. (2000) exposed mice to 0, 2, 4, 6, or 8 1BY/Kga a
singleoral administrationof sonicated cekextractand found lethality a8 6 mg/kg.All
miceexposed to the highest dose diedthin 48 hours 2 of the 4 mice exposed to thé
mg/kg dosedied within 5 days. No mortalitypccurredin the remaining dosgroupsof O,

1, 2 and 4 mg/kgBased on both studies cdimed, OEHHA (2012) selected 4 mg/kg as a
non-lethal dose. Due to the short duration of exposysengle dose, mortality observed
within 6 day9, allometric scaling was not used to extrapolate across animal species.
Instead, the Ukwas set to 10 to accourfior interspecies differences in

pharmacokinetics and pharmacodynamiése Uflb was set to 10 for deficiencies in the
database of shorterm studies. Therefore, the candidate RfD based on these studies is
40 pg/kg-day (4000ug/kg-day- 100). For comparisoirp Chernoff et al. (2018) male and
female CBL mice = 910/sex/group)were administered, 75, 150, or 30Qg/kg-day
CYNboy oral gavage for 90 days. The highest dose was selected as a NOAEL for mortality
and extrapolated to dogs,dnses and cattle by allometric scaling (see Section 5.1.3).

Due to theconservativause of a 9@daysubchronicstudy to set a shorterm (i.e., acute)
value, the composite UF was setligresulting incandidateRfD values of 57, 25, and 24
ug/kg-dayfor dogs, horses, and cattle, respectively. These values are comparable to
those based on Shaw et al. (2000) and Seawright et al. (1999). For dogs, the lower
candidateRfD of 4Qug/kg-daywas carried forward focandidatehealth-based

screening levelsvhereascandidate RfD values 86 and 24ug/kg-daywere carried

forward for candidatehealth-based screening levelsr horses and cattle, respectively.

These shorterm, candidateRfD values were used to derive candidhé&alth-based
screening level®or dogs, cattle, and horses as described above. These values are shown
in Tables &nd9.
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Table8.  Candidateanimal health-based drinking wateiscreening level$or cylindrospermopsin
Species
Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target | (ng/kg- Study Study | Administered | (ng/kg- (ng/kg- Uncertainty Screening Level
Species| day) Duration | Species| Doses day) day) Factors Endpoint | (ug/L) Study Notes
Dogs | 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 157 Shaw et al.
mg/kg (NOAEL) | (no DAF) | (UR=10, (2000) &
(Seawright et UR=1 Seawright
al. 1999)0, U =10) etal.
2,4,6,0r8 (1999)
mg/kg (Shaw
et al. 2000)
Dogs 3.4 11 Mouse | 0, 30, 60, 17.9 3.4 1 Relative | 13 Humpage
weeks 120, or 240 | (BMDL) (DAF = (UR=1, Kidney & Falconer
po/kg-day 5.3) UR=1 weight (2003)
Urp=1)
Dogs* | 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 200 Shaw et OEHHA, based
mg/kg (NOAEL) | (no DAF) | (UR= 10, al. (2000) | on acute RfD
(Seawright et UR=1 &
al. 1999); 0, Uk and Seawright
2,4,6,0r8 severity of et al.
mg/kg (Shaw endpoint= (1999)
et al. 2000) 10)
Dogs* | 3.3 11 Mouse | 0, 30, 60, 33 33 10 Kidney 10 Humpage | OEHHA, based
weeks 120, or 240 | (BMDL) (no DAF) | (UR=3, toxicity & Falconer| on subchronic
pg/kg-day UR=1, (2003) RfD
Uk =3)
Dairy 24 13 Mouse | 0, 75, 150, or| 300 24 1 Mortality | 35 Chernoff
cattle weeks 300 ug/kg (NOAEL) | (DAF = (U =1, etal.
day 12.4) UR=1, (2018)
U =1)
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Species

Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target | (ng/kg- Study Study | Administered | (ng/kg- (ng/kg- Uncertainty Screening Level
Species| day) Duration | Species| Doses day) day) Factors Endpoint | (pg/L) Study Notes
Dairy 1.4 11 Mouse | 0, 30, 60, 17.9 1.4 1 Relative | 2.1 Humpage
cattle weeks 120, or 240 | (BMDL) (DAF = (U =1, Kidney & Falconer
po/kg-day 12.4) UR =1, weight (2003)
Uk =1)
Dairy 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 60 Shaw et OEHHA, based
cattle* mg/kg (NOAEL) | (no DAF) | (UR= 10, al. (2000) | on acute RfD
(Seawright et UR=1 &
al. 1999); 0, Uk =10) Seawright
2,4,6,0r8 etal.
mg/kg (Shaw (1999)
et al. 2000)
Dairy 3.3 11 Mouse | 0, 30, 60, 33 33 10 Kidney 5 Humpage | OEHHA, based
cattle* weeks 120, or 240 | (BMDL) (no DAF) | (UR=3, toxicity & Falconer| on subchronic
ug/kg-day UR=1, (2003) RfD
Uk =3)
Beef 24 13 Mouse | 0, 75, 150, or| 300 24 1 Mortality | 115 Chernoff
cattle weeks 300 ug/kg (NOAEL) | (DAF = (UR=1, etal.
day 12.4) UR=1, (2018)
U =1)
Beef 1.4 11 Mouse | 0, 30, 60, 17.9 1.4 1 Relative | 6.9 Humpage
cattle weeks 120, or 240 | (BMDL) (DAF = (URR=1, Kidney & Falconer
pg/kg-day 12.4) UR=1, weight (2003)
U =1)
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Species
Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target | (ng/kg- Study Study | Administered | (ng/kg- (ng/kg- Uncertainty Screening Level
Species| day) Duration | Species| Doses day) day) Factors Endpoint | (pg/L) Study Notes
Beef 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 200 Shaw et OEHHA, based
cattle* mg/kg (NOAEL) | (no DAF) | (UR= 10, al. (2000) | on acute RfD
(Seawright et UR=1 &
al. 1999); 0, Uk = 10) Seawright
2,4,6,0r8 etal.
mg/kg (Shaw (1999)
et al. 2000)
Beef 3.3 11 Mouse | 0, 30, 60, 33 33 10 Kidney 20 Humpage | OEHHA, based
cattle* weeks 120, or 240 | (BMDL) (no DAF) | (UR=3, toxicity & Falconer| on subchronic
ug/kg-day UR=1, (2003) RfD
U =3)
Horses | 25 13 Mouse | 0,75, 150, or | 300 25 1 Mortality | 141 Chernoff
weeks 300 pg/kg (NOAEL) | (DAF = (UR=1, et al.
day 11.8) UR=1, (2018)
U =1)
Horses | 1.5 11 Mouse | 0, 30, 60, 17.9 15 1 Relative | 8.4 Humpage
weeks 120, or 240 | (BMDL) (DAF = (UR=1, Kidney & Falconer
po/kg-day 11.8) UR =1, weight (2003)
U =1)

* Regulatory screening levels are indicated with an asterisk and blue, italicized text
BMDL¢ benchmark dose level, DARlosimetric adjustment factor, HAhealth advisory, mg/kg milligram per kilogramiNOAEL no observed adverse effect

level OEHHA/ I t ATF2NY Al 9t ! Qad h¥TFAOS 27T 9REielRncyddsEUR - interspbicies undértainty fhckolNd@m dnimal ®a a YSy i
human, UE - database uncertainty factor, WALOAE{#to-NOAEL uncertainty factor, pghktay ¢ microgram per kilogram day, pgémicrogram per liter
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Table9.

Candidateanimal mat/crust health-basedscreening level$or cylindrospermopsin

Candidate
Species Screening
Candidate Point of Equivalent Level
RfD Departure | Dose (mg/kg,

Target | (ug/kg- Study Study Administered | (ng/kg- (ng/ko- Uncertainty dry

Species | day) Duration | Species | Doses day) day) Factors Endpoint | weight) Study Notes

Dogs 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 0.53 Shaw et al.
mg/kg (NOAEL) | (no DAF) | (UR= 10, (2000) &

(Seawright et UR=1 Seawright
al. 1999); 0, U= 10) et al.
2,4,6,0r8 (1999)
mg/kg (Shaw

et al. 2000)

Dogs 3.4 11 weeks| Mouse | 0, 30, 60, 17.9 3.4 1 Relative | 0.045 Humpage
120, or 240 | (BMDL) (DAF =5.3)| (UR=1, Kidney & Falconer
po/kg-day UR=1 weight (2003)

Urp=1)

Dogs* | 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 0.53 Shaw et al. | OEHHA,
mg/kg (NOAEL) | (no DAF) (UR =10, (2000) & based on
(Seawright et UR=1, Seawright | acute RfD
al. 1999); 0, Uk and et al.
2,4,6,0r8 severity of (1999)
mg/kg (Shaw endpoint =
et al. 2000) 10)

Dogs* | 3.3 11 weeks| Mouse | 0, 30, 60, 33 (BMDL)| 33 10 Kidney 0.044 Humpage | OEHHA,
120, or 240 (no DAF) (UR =3, toxicity & Falconer | based on
po/kg-day UR=1, (2003) subchronic

Uk =3) RfD
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Candidate

Species Screening
Candidate Point of Equivalent Level
RfD Departure | Dose (mg/kg,
Target | (no/kg- Study Study Administered | (ng/kg- (ng/kg- Uncertainty dry
Species | day) Duration | Species | Doses day) day) Factors Endpoint | weight) Study Notes
Dairy 24 13 weeks| Mouse | 0, 75, 150, or | 300 24 1 Mortality | 3.1 Chernoff et
cattle 300 pg/kg (NOAEL) | (DAF = (UR=1, al. (2018)
day 12.4) UR=1,
U =1)
Dairy 1.4 11 weeks| Mouse | 0, 30, 60, 17.9 1.4 1 Relative | 0.19 Humpage
cattle 120, or 240 | (BMDL) (DAF = (UR=1, Kidney & Falconer
pg/kg-day 12.4) UR=1, weight (2003)
U =1)
Dairy 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 5.1 Shaw et al. | OEHHA,
cattle* mg/kg (NOAEL) | (no DAF) (U =10, (2000) & based on
(Seawright et UrR=1 Seawright | acute RfD
al. 1999); 0, U =10) etal.
2,4,6,0r8 (1999)
mg/kg (Shaw
et al. 2000)
Dairy 3.3 11 weeks| Mouse | 0, 30, 60, 33 (BMDL)| 33 10 Kidney 0.42 Humpage | OEHHA,
cattle* 120, or 240 (no DAF) (U =3, toxicity & Falconer | based on
pg/kg-day UR=1, (2003) subchronic
Uk =3) RfD
Beef 24 13 weeks| Mouse | 0, 75, 150, or| 300 24 1 Mortality | 4.2 Chernoff et
cattle 300 pg/kg (NOAEL) | (DAF = (UR=1, al. (2018)
day 12.4) UR=1,
U =1)
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Candidate

Species Screening
Candidate Point of Equivalent Level
RfD Departure | Dose (mg/kg,
Target | (no/kg- Study Study Administered | (ng/kg- (ng/kg- Uncertainty dry
Species | day) Duration | Species | Doses day) day) Factors Endpoint | weight) Study Notes
Beef 1.4 11 weeks| Mouse | 0, 30, 60, 17.9 1.4 1 Relative | 0.25 Humpage
cattle 120, or 240 | (BMDL) (DAF = (UR=1, Kidney & Falconer
po/kg-day 12.4) UR =1, weight (2003)
U =1)
Beef 40 1 day Mouse | 4.4¢8.3 4000 4000 100 Mortality | 7.0 Shaw et al. | OEHHA,
cattle* mg/kg (NOAEL) | (no DAF) (UR =10, (2000) & based on
(Seawright et UR=1 Seawright | acute RfD
al. 1999); 0, Uk = 10) etal.
2,4,6,0r8 (1999)
mg/kg (Shaw
et al. 2000)
Beef 3.3 11 weeks| Mouse | 0, 30, 60, 33 (BMDL)| 33 10 Kidney 0.58 Humpage | OEHHA,
cattle* 120, or 240 (no DAF) | (UR=3, toxicity & Falconer | based on
po/kg-day UR=1, (2003) subchronic
Uk =3) RfD
Horses | 25 13 weeks| Mouse | 0, 75, 150, or | 300 25 1 Mortality | 4.7 Chernoff et
300 pg/kg (NOAEL) | (DAF = (UR=1, al. (2018)
day 11.8) UR=1,
U =1)
Horses | 1.5 11 weeks| Mouse | 0, 30, 60, 17.9 15 1 Relative | 0.28 Humpage
120, or 240 | (BMDL) (DAF = (UR=1, Kidney & Falconer
pg/kg-day 11.8) UR=1, weight (2003)
U =1)

* Regulatory screening levels are indicated with an asterisk and blue, italicized text
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BMDL¢ benchmark dose level, DARlosimetric adjustment factor, HAhealth advisory, mg/kg milligram per kilogramNOAEL no obsgrved adverse effect
level OEHHA/ I f AF2NY AL 9t! Qa hFFAOS 2F 9RMielkRnceddse (UF interspEcies undértainty fackoNd@m aninal ®a a YSy (i =
human, UE - database uncertainty factor, WAHLOAE#o-NOAEL uncertaintiactor, pg/kgday¢ microgram per kilogram day, pgémicrogram per liter
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53 Nodularins

5.3.1 Candidate RfD/aluesand ShortTermHealth-BasedScreening Levelor
Humans and Animals

Review of thdimited number ofstudies identified in the liteature for NODsindicated
that there wereno priority studies(i.e., experimental animal, acute, muttose studies
with oral administrationor case reportsavailable for development of candidate RfDs
As a resultcandidate RfD andandidateshortterm health-based screenintgvelscould
not be developed Until moreapplicabletoxicity data become availabfer RfDand
health-basedscreening levaellevelopment ToxStrategies suggests usaandidate
human and animadcreeningevels developeddr MCsas surrogatefor NOBs. MCsand
NODs havesimilar chemical structures arate both hepataxic, consequenthyit is
anticipated thatNODs alssharea similar mode of action to MCs (Buratti et &017
Ohta et al., 1994

5.4 Anatoxins

5.4.1 Candidate RfD/aluesand Short TermHealth-BasedScreening Levelor
Humans and Animals

Candidate shorterm RfD values for ATeand dhATX were derived from acutee-
dose exposures. Specifically, Puddick et al. (2021) determined the acgieall@s in
female Swiss albino mice using an OFZID&0 a dzL) I YR Rg gy A Q82 S RB2NB
administered AT>& or dhATX via i.p. injection, oral gavageaamixedin feed. AT>a
was determined to be more potenbhan dhATXy i.p. injectionwhereas dhATXas
more potentthan ATXafollowing oral exposure(gavage opoffering infeed). The Ly
valuesfor ATXa anddhATXrom gavage exposureave two- to three-fold lower than
by feeding. Due to the increased sensitivity of the oral eautd the primary concern
from water intake, LE) values from oral gavage were selected as the basis for the
candidateRfDs. Applying a 1@00fold composite UFUR = 1Q U= 10,UR= 10,URp =
10) to the Lo for ATXa resulted in a candidate Rfbr humansof 1 pg/kg-day (10600
ug/kg - 10,000). Applying the same JiD0-fold composite UF to the Isbfor dhATX
resulted in a candidate Rffior humansof 0.25ug/kg-day (250Qug/kg - 10,000).For
dogs, cattle and horses, tteandidateRfDsbased on the same ktvaluesare 16fold
higher(11 pg/kg-day for AT, 2.5 ug/kg-day for dhATX)as there was no Wkised in
the calculation These shorterm candidateRfD values were used to derive candidate
health-basedscreening level®or adultsandchildren The shoriterm candidateRfD
valuesfor dogs, cattle, and horsesere used taderive candidate healtihased
screening leveldor these speciesThesecandidatevalues are shown in Tablescli@.
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Table10. Candidatehumanhealth-based drinking wateiscreening level$or anatoxin-a and dihydroamtoxin-a

Human
Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target Age | (po/kg- Study Study | Administered | (ng/kg- (na/ko- Uncertainty Screening
Group day) Duration | Species| Doses day) day) Factors Endpoint | Level(ug/L) | Study Notes
Adult 0.25 1 day Mouse | Range; using| 2500 2500 10,000 Mortality | 8 Puddick et | Drinking water
(dhATX OECD2008 | (LDBx) (no DAF) | (UR =10, al. (2021)
a) adzZld |y Uk = 10,
downg UR =10,
procedure Uk = 10)
Adult 1.1 1 day Mouse | Range; using| 10,600 10,600 10,000 Mortality | 34 Puddick et | Drinking water
(ATXa) OECD2008 | (LByo) (no DAF) | (UR=10, al. (2021)
adzld |y UR = 10,
downg UFR = 10,
procedure Uk = 10)
USEPA HA | NA NA NA NA NA NA NA NA No Value NA Drinking water
adult*
Child 0.25 1 day Mouse | Range; using| 2500 2500 10,000 Mortality | 1.7 Puddick et | Drinking water
(dhATX OECD2008 | (LDBx) (no DAF) | (UR=10, al. (2021)
a) adzLd |y UR = 10,
downg UFR = 10,
procedure Uk = 10)
Child 1.1 1 day Mouse | Range; using| 10,600 10,600 10,000 Mortality | 7 Puddick et | Drinking water
(ATXa) OECD2008 | (LDBy) (no DAF) | (UR=10, al. (2021)
adzld |y UR = 10,
downg UFR = 10,
procedure Uk = 10)
USEPA HA | NA NA NA NA NA NA NA NA No Value NA Drinking water
child*
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* Regulatory screening levels are indicated with an asterisk and blue, italicized text
ATXa anatoxina, BMDL¢ benchmark dose level, DARIosimetric adjustment factoidhATXa ¢ dihydroanatoxina, HAG health advisoryl Dy ¢ lethal dose

for 50 percent of the populatiorNA¢ not applicable OECL, Organisation for Economic @peration and DevelopmenRfDg reference doseUR G
interspecies uncertainty factor from animal to humanpdfelatabase uncertainty factor, WIE intraspecies variability factok)kr ¢ LOAE#0o-NOAEL

uncertainty factor,ug/kg-day¢ microgram per kilogram day, pgéimicrogram per liter, USERAUS Environmental Protection Agency

Tablell. Candidateanimal health-based drinking wateiscreening leveldor anatoxin-a and dihydroamtoxin-a
Species
Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target (ng/kg- Study Study | Administered | (ng/kg- (ng/kg- Uncertainty Screening
Species day) Duration | Species| Doses day) day) Factors Endpoint | Level (ug/L) | Study Notes
Dogs 2.5 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 10 Puddick et
(dhATX OECDR2008 | (LDy) (no DAF) | (UR=10, al. (2021)
a) adzLd |y UFR = 10,
downé Uk =10)
procedure
Dogs 11 1 day Mouse | Range; using| 10,600 10,600 1000 Mortality | 42 Puddick et
(ATXa) OECIO2008 | (LDo) (no DAF) | (UR=10, al. (2021)
adzZld +y UR =10,
downé Uk = 10)
procedure
Dogs* 25 5 day Mouse | 1.2¢ 12.3" 2500 2500 100 Mortality | 98 Fawell OEHHA, acute
(ATXa) mg/kg-day (NOAEL) | (no DAF) | (UR= 10, (199%) and
UR=1, subchronic
Uk =10)
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Species

Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target (ng/kg- Study Study | Administered | (ug/kg- (ng/kg- Uncertainty Screening
Species day) Duration | Species| Doses day) day) Factors Endpoint | Level (ug/L) | Study Notes
Dairy 25 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 3.6 Puddick et
cattle (dhATX OECD2008 | (LDo) (no DAF) | (UR=10, al. (2021)
a) adzZld +y UFR = 10,
downé Uk = 10)
procedure
Dairy 11 1 day Mouse | Range; using| 10,600 10,600 1000 Mortality | 15 Puddick et
cattle (ATXa) OECD2008 | (LByo) (no DAF) | (UR= 10, al. (2021)
adzLd |y UR =10,
downé Uk =10)
procedure
Dairy 25 5 day Mouse | 1.2¢12.3¢ 2500" 2500 100 Mortality | 36 Fawell OEHHA, acute
cattle* (ATXa) mg/kg-day (NOAEL) | (no DAF) | (UR= 10, (199%) and
UR=1, subchronic
Uk = 10)
Beef cattle| 2.5 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 12 Puddick et
(dhATX OECDR2008 | (LDy) (no DAF) | (UR=10, al. (2021)
a) adzZld +y UFR = 10,
downé Uk = 10)
procedure
Beef cattle| 11 1 day Mouse | Range; using| 10,600 10,600 1000 Mortality | 50 Puddick et
(ATXa) OECD2008 | (LBo) (no DAF) | (UR= 10, al. (2021)
adzLd |y UR =10,
downé Uk = 10)
procedure
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Species
Candidate Point of Equivalent
RfD Departure | Dose Candidate
Target (ng/kg- Study Study | Administered | (ug/kg- (ng/kg- Uncertainty Screening
Species day) Duration | Species| Doses day) day) Factors Endpoint | Level (ug/L) | Study Notes
Beef 25 5 day Mouse | 1.2-12.3" 2500 2500 100 Mortality | 119 Fawell OEHHA, acute
cattle* (ATXa) mg/kg-day (NOAEL) | (no DAF) | (UR= 10, (199%) and
UR=1, subchronic
Uk = 10)
Horses 25 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 14 Puddick et
(dhATX OECD2008 | (LDo) (no DAF) | (UR= 10, al. (2021)
a) adzLd |y UFR = 10,
downé Uk =10)
procedure
Horses 11 1 day Mouse | Range; using| 10,600 10,600 1000 Mortality | 59 Puddick et
(ATXa) OECD2008 | (LDx) (no DAF) | (UR=10, al. (2021)
adzld +y UR = 10,
downé Uk =10)
procedure

* Regulatory screening levels are indicated with an asterisk and blue, italicized text

"Doses are listed as reported by OEHHA (2012). Howdeees in the reference studifawell 199b) are indicated as5, 3, 7.5 or 15 mgkg-day, with 3
mg/kg-dayas the maximum tolerated dose.

ATXa anatoxina, DAFG dosimetric adjustment factoidhATXa - dihydroanatoxina, LR - lethal dose for 50 percent of the populatiomg/kg-day¢ milligram
per kilogram per day, NOAEIho observed adverse effect lev&fD¢ reference doseQDECD Organisation for Economic @peration and DevelopmenUR -
interspecies uncertainty factor from animal to humanpUJBatabase uncertaint factor, UE- LOAE#0-NOAEL uncertainty factopg/kg-day¢ microgram per
kilogram day, pg/k microgram per liter
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Tablel2. Candidateanimal mat/crusthealth-basedscreening level$or anatoxina and dihydroamtoxin-a
Candidate Point of Species Candidate Notes
RfD Departure | Equivalent Screening
Target (Hg/kg- Study Study | Administered | (ng/kg- Dose Uncertaint Level (mg/kg,
Species | day) Duration Species | Doses day) (ng/kg-day) | y Factors | Endpoint | dry weight) Study
Dogs 25 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 0.033 Puddick et
(dhATX) OECDO2008 | (LDx) (no DAF) (UR =10, al. (2021)
adzld 'y UR = 10,
downé Uk =10)
procedure
Dogs 11 1 day (ATX) Mouse | Range; using| 10,600 10,600 1000 Mortality | 0.14 Puddick et
OECDR2008 | (LDx) (no DAF) (UR=10, al. (2021)
adzld Iy UR = 10,
downg Uk = 10)
procedure
Dogs* 25 5 day Mouse | 1.2-12.3" 2500 2500 100 Mortality | 0.33 Fawell OEHHA,
(ATX mg/kg-day (NOAEL) | (noDAF) (U= 10, (199%D) acute and
UR=1, subchronic
Uk =10)
Dairy 25 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 0.32 Puddick et
cattle (dhATX) OECDO2008 | (LDx) (no DAF) (UR =10, al. (2021)
adzld 'y UR = 10,
downé Uk =10)
procedure
Dairy 11 1 day (ATX) Mouse | Range; using| 10,600 10,600 1000 Mortality | 1.4 Puddick et
cattle OECDR2008 | (LDxy) (no DAF) (U= 10, al. (2021)
adzld Iy UR = 10,
downg Uk = 10)
procedure
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Candidate Point of Species Candidate Notes
RfD Departure | Equivalent Screening
Target (nalkg- Study Study Administered | (ng/kg- Dose Uncertaint Level (mg/kg,
Species | day) Duration Species | Doses day) (ng/kg-day) | y Factors | Endpoint | dry weight) Study
Dairy 25 5 day(ATX)| Mouse | 1.2-12.3* 25000 2500 100 Mortality | 3.2 Fawell OEHHA,
cattle* mg/kg-day (NOAEL) | (no DAF) (UR =10, (199%) acute and
UR=1, subchronic
Uk = 10)
Beef 2.5 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 0.44 Puddick et
cattle (dhATX) OECD2008 | (LDy) (no DAF) (UR =10, al. (2021)
adzld |y UR = 10,
downg Uk = 10)
procedure
Beef 11 1 day (ATX) Mouse | Range; using| 10,600 10,600 1000 Mortality | 1.9 Puddick et
cattle OECDO2008 | (LDx) (no DAF) (UR =10, al. (2021)
adzLd |y UR = 10,
downé Uk =10)
procedure
Beef 25 5 day (ATX) Mouse | 1.2-12.3* 2500 2500 100 Mortality | 4.4 Fawell OEHHA,
cattle* mg/kg-day (NOAEL) | (no DAF) (UR =10, (199%) acute and
UR=1, subchronic
Uk = 10)
Horses | 2.5 1 day Mouse | Range; using| 2500 2500 1000 Mortality | 0.5 Puddick et
(dhATX) OECD(2008 | (LDy) (no DAF) (UR= 10, al. (2021)
adzld |y UR = 10,
downg Uk = 10)
procedure
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Candidate Point of Species Candidate Notes
RfD Departure | Equivalent Screening
Target (ng/ko- Study Study Administered | (ng/kg- Dose Uncertaint Level (mg/kg,
Species | day) Duration Species | Doses day) (ng/kg-day) | y Factors | Endpoint | dry weight) Study
Horses | 11 1 day (ATX) Mouse | Range; using| 10,600 10,600 1000 Mortality | 2.0 Puddick et
OECD(2008 | (LBy) (noDAF) (UR=10, al. (2021)
adzld Iy UFR = 10,
downé Uk = 10)
procedure

* Regulatory screening levels are indicated with an asterisk and blue, italicized text

"Doses are listed as reported by OEHHA (2012). However, doses in the reference study (Fawell 199b) are inisa@ed.a®r 15 mgkg-day, with 3
mg/kg-day as the maximum tolerated dose.

ATXa anatoxina, DAR dosimetric adjustment factoidhAT Xa - dihydroanatoxina, L3 - lethal dose for 50 percent of the populatiomg/kg-day ¢ milligram
per kilogram per day, NOAEIho observed adverse effect lev&fD¢ reference doseQECD Organisation for Economic @peration and DevelopmenUR -
interspecies uncertainty factor from animal to human pUJBatabase uncertainty factor, WUH.OAE{#to-NOAEL uncertainty factopg/kg-day¢ microgram per
kilogram day, pg/k microgram per liter
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Because the TCEQ has guidance for developing chronic RfD values fsmaduds for
chemicals with limited toxicity data, we applied that guidance to the\&lues above

in order to compare hypothetical chroniRfD values to the shoterm candidateRD

values. Specifically, eachssWas multiplied by 6.7486, resulting in chronic RfD values

of 0.07 and 0.0ig/kg-day for AT>a and dhATX, respectively. Each of these chronic RfD
values was 14old lower than its corresponding candidate shtetm RfD. Ntably, 14

fold is similar to the default 2bld UF typically used in risk assessment to extrapolate
from subchronic to chronic values. Stated differently, one could have developed chronic
RfD values for AFXand dhATX based on theirskBalues and themultiplied them by

10 to estimate shorteterm candidatetoxicity values. Overall, these comparisons
provide some assurance that the shoerm candidateRfD values are reasonable
estimates for these datpoor compounds.

Although OEHHA developed RfDsAGIX based on repedlose studies by Fawell et al.

(1999b) and Astrachan et al. (1980), these studies were deemed unreliable in the

present case. The USEPA reached similar conclusions about these two studies (USEPA,
2015c). In Fawell et al. (1999b) male dechale Crl:CEL mice (N = 10/sex/group) were
administered doses of 0, 0.098, 0.49, and Judfkg-day AT>a by oral gavage for 28

days. Three deaths occurred in the study: one female in the-thogie group (day 14),

one male in the miglose group (day 10and one male in the lowdose group. The two

deaths in the higher dose group occurred within 2.5 hours of dosing, and no cause of

death was determined at necropsy. The male in the-tmge group was euthanized

after showing signs of being attacked by cagges. The study authors called 0.098

ug/kgRIF @ GKS &aGdzReé bh! 9] odzi FOly2¢f SRAISR GKI
ug/kg-day. In Fawell et al. (1999b) pregnant mice (Mspecified were administered

these same doses on G§1% and the dams were necropsi on GD18. The numbers of

live and dead implantations were recorded, and the fetuses were weighed and

examined for external abnormalities. The authors stated that the NOAEL for the study

was 2.6ug/kg-day; however, no data were showA.composite UF of 0was derived

based on Uk= 10, UR= 10, UE= 3.Acandidate RfDor humansbased on Fawell et al.

(1999b) would be 0.00Ag/kg-day (2.6ug/kg-day- 300). This value was not carried

forward due to: (1) uncertainty related to the early deaths; {8 limited data

NBELZ2NIOAY3IT FYyR o000 (GKS fAYAGSR dziAftAlGe 2F |

In Astrachan and colleagues (1980, 1981), Sprague Dawle@0dtnfaleper

treatment group; unspecified number in control grqupere offered AT>& in drinking

water at concentrations of 0, 0.51, and 5.1 ppm for seven weeks, which the study

authors estimated was equivalent to a dose of 0.5 melly for the highdose group.

Therefore, we assumed a dose of 0.05 mgdiay for the lowdose group. Red and white

blood cells were counted and selected clinical chemistry parameters were measured

additional details were not provided by the authofithe methods stated that all aninsal

GSNE d®RSIRMI dzy RSNJ I ySaGdKSaAl 2y RlI&a n3X T MI
whether these animals were terminated at each time point, nor is such information

contained in the single figure and there were no tabular data in the Results setkien.
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reported to be of use in risk assessment.
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APPENDIX A

Regulatory Drinking Water
Screening Level®r
Cyanotoxins



Table A.1.Regulatory luman drinking waterscreening level$or cyanotoxins

R y Screening Level Study Sereening Level ks Based Upon
— Water Driniing Water e HealthBased Taxkcty Value
Reguistary Agency Drinking Descripiion of Screening Lewel Screening Leve! | Endpoint Model e e | 2 ey e POD and Screening Level References
Soreening Leved Method
fugt) Calbculathon
US EPA 2015 Ovinking Water Health | 10-0ay Health Advisary (Children pre-school age and younger junder & years old) 02 Lwer hesions Male rats Microcystind® in |28 days LOAEL = 500 LOWEL], 000 = FiD; Heirme, R 1599 Taicty of the canobacteriall bodn microcystindR tof
Achisory for the Cyanobacterial Apglied as total microcystins wsing microcystindf 33 a dirinking water g, day Rl = 0005 pgMged; rats after 28 days nfake with the drinking water. Erwiron. Teodool,
Bicrooystin Tesre. EPA. E30R1S100. surrogate 0L050.15 Lkgdcday; ma 1441): 57600
RS Cj=health Advisony
Schonl-age drildren (5 years and alder] 15 LOWEL1,000 = RiD;
‘Apglied as total microcystins using microcystind® as a Rl = 0.05 pgfeged:
sTogate 1005002 Lkgsday; mo
RS Cj=health Advisony
WHO. 2020, Cyancbactenial tarns: [Prowisanal Guddire: MicrocystineLR finee pius cell-bound microcystins] for aduits |1 LT Mice MicrooystindR |13 weeks WOBEL = 40 NOAELSL000 = T, Famrell K, Mitchell RE, Everett D, Hilll RE. 1999 The toidty of
microcystine. Badiground dooument for (Value; based on ife-time  ldetime exposure istogathology wia oral gavage g ey T = 004 pg/wg: cyanobacterial tosie in the mouse: L Microcgstind R Hum Exper
development of WHO Guidelines for  [drinking water exposure and serum 004 pigfeckd® 50 kg *0.8 Teosicol 18:1862-7.
drinking-water quality and Guidelines erayme levels RSO 2 LidsSuideline value
for sade recreational water
e ———_— Fronimonal Guddine Microcystin R free plus coll-bound micoopsting) for aduts | |12 Mo toodaity walus;
B e [alue; based on shart-term | short-term esposure 40 gk ol®80 kg1 FEC)
crimiving water expomure {1002 dj=Gudeline value
Brazi, Uruguay, Chira, Coedh Republlc, Ovinking Water Guideline | Microcpstind® Hree phus cell-bound microcystine) for aduits 1 L Mice MicrocystindR |13 weeks (ROBEL = 40 WOAEL1000 = TN Bazed on the T O (]
Deremark, Sermany, Raly, Jagan, lidetime: exposune histogathology wia oral gavage: g, g, davy IO = 004 /g Guideding Value of 1l for drinking water fiWHO, 2017)
Korea, Metheriands, Norway, New and serum 10,04 pg/ech 460 kig 0.8
Zealand, Poland, South Africa, Spain, enryme leels REC) (2 Lidj=Guideline value | Fawell K, James OF, James HA 19694 Toins from Blue-Green Algae:
Framce, Finland Tovicological assezsment of Microcystindf and a method for its
determination in water. pp 146 Water Research Cenre,
Medmeniam, LI
Australia. 2011 Australian Ovinking  (Dvinking Water Guideline | Total microoystine expressed as microcystind® todaty 13 [ Mice MicracystindR |13 wesks womEL = 40 Mo tooity walue: Fawell JK, James OF, James HA. 1994 Teoine fnom Slus-Gresn Algas:
‘Water Guidelines & (NHMRC, NRMMC) equinalerts histapathalogy wia aral gavage: g, day 40 pgfledd* 70 kg 09 RSC)Y | Toocological assessment of Microoystind® and 3 method for its
and serum 11.000°2 Lid) Guiddine determination in water. pp 1-45 Water Research Centre,
enayme levels walue Medmenham, UL
Bealth Carads. 2017, Guidelines for  (Dvinking Water Guideline | Total microoystine expressed as microcystind® todaty 15 L hesione: Male rats MicracystindR in |22 days LOsEL = 50 LOAEL 900 = TDY; Heiroe, R 1999, Tosdty of the cyanobacterial tosn micracystind? to)
Caradian Drinking Water Quality: equialents drimiting water g, Moy TN = 0055 pg/kg/day: rats after 28 days Intake wWith the drinking water. Erviran. Tesool,
Supporting Dooumentation (0L056 pigufedd® 70 kg *0L8 RSCL) 1841): 5760
Cyancbacterial Tosrs-Microoystind®. 115 Liday)= Guideline value
Minnesota Department of Health. | Guideline Value Short-term Mon-Cancer Health Based Value 01 Liwer hesions Male rats Microcystind® in |28 days [LOAEL = 50 005 mgfgday* 024 = 0.012 Heirme, B 15598 Tosdty of the cyanobacterial todn microcystind® to|
2015 Tovdcological Summary for drinking water g g dary gy = HED; rats after 28 days infake with the drinking water. Erwiron. Teodool,
Micracystind® HIEDY200 = RiD 1441): 57600
RID = 0.04 bgfegicay:
1004 g feg/day 0.8 FCL/
10253 Vikg/day)=Guideline
alue
Oregon Health Authority. 2015 Public [Drinking Water Guideline | Ages 5 years and younger o Uner lesions Male rais MicrocystindR in [28 days LoasL = 50 LOAEL)1, 000 = RiD; Heirme, B 1999, Towicity of the cyanabacterial ton microcystind R to
Bealth Advisory Guidelines, Harrml dirinking water g, day Rl = 0005 pgMged; rats after 28 days infake with the drinking water. Erwiron. Teodool,
Algae Sooms in Freshwater Sodies. 005015 Lkgdcday; na 1841} 57600
RS Cj=Guidedine value
Akl 15 LOWEL1,000 = RiD;
RiD = 005 pgfhg-cl;
1005002 Lkgsday; mo
RS CjeGuidedine value
D EPA 2020, Public Water System | Drinking Water Threshold | Do Mot Dvink —children under & and sereitive populations 02 L lesions Male rats MicrocystindR in |22 days LOMEL = 50 LOWEL1,000 = RiD; Hiinze, R 1999, Toasdty of the cpanatacterial todn micrangstinLR to|
eareniul Algal Bloom Resporse drimiting water g ey Rl = 0.05 pgfig-d: rats after 28 days intake With the drinking water. Erwiran. Teokool,
Strategy. 1005015 Likgsday: ma 1441} 5750
RS Threshald value
Do Mot Dvink —children & and older and adults 1e LOWEL'1, 000 = Fil;

RID = 005 pg/hg-d;
(0L05/0.02 Likgsday: o
RSOl Threshold value




Table A.1 (continued)Regulatory human drinking water guidelines for cyanotoxins

¥ ing Level Study Screening Level is Based Upon
Water Health-Based T
il Regulatory Agency S L A Description of Screening Level s«mm Level |  Endpoint Model |k Dammtioan POD m-ﬂsﬂui?:uu References
Screening Level (we/t) Method
Cylindrospermopsin | US EPA. 2015. Drinking Water Health | 10-Day Health Advisory | Children pre-school age and younger (under 6 years old)  |0.7 Kidrey weight | Male mice Daily oral 11 weeks NOAEL =30 NOAEL/300=RfD; Humpage, A.R., Fakconer, | R. 2003. Oral toxcity of the
Advisory for the Cyanobacterial Toxin gavage vgfkg/day RfD = 0.1 pg/kg-d; cyanobacterial toxin cylindrospermapsin in male swiss albing
Cylindrospermopsin. 10.1/0.15 Lfkg/day; no mice: Deter jon of dh ffect level for
RSC}=Health Advisory deriving a drinking water guideline value. Environmental
School-age children (6 years and older) 3 NOAELf300=RFD); Toicology 18, 94-103.
RFD = 0.1 pg/kg-d;
10.1/0.03 Lfkg/day; no
RSC}=Health Advisory
Cylindrospermopsin - [WHO. 2020, Cyanobacterial toxins: | Prowisional Ifetime Adult Ifetime o7 Kidney weight | Male mice Daily oral 11 weeks NOAEL=30 NOAEL/1,000=TDI; Humpage, A.R., Falconer, |. . 2003. Oral toxcity of the
cylindrospermopsins. Background drinking water health- gavage e kg/ day TDI = 0.03 pg/fkg-d; cyancbacterial toxin cylindrospermopsin in male swiss albino
document for pment of WHO | based guid: value 10.03 pg/kd-d* 6O kg*0.8  |mice: Deter on of h frect level for
Guidelines: for drinking-wa ter guality RSC){2 L/ d}= Guidance deriving a drinking water guideline value. Environmental
and Guidelines for safe recreational walue Teicology 18, 94-103.
water environments. Provisional Guideline Adult short-term 30 Mo toxicity value;
WHO/HEP/ECH/WS5H/2030.4. Value; based on short- (30 pg/kg-d*60 kg* 1.0
term exposure REC)H/[300 UF*2 L/d)=
Guideline value
Cylindrospermopsin [ Awstralia. 2018, Australian Drinking | Health Alert Due to lack of adequate data no guideline is set for 1 Kidney weight | Male mice Daily oral 11 weeks NOAEL=30 Mo toxicity value derived | Humpage, A.R., Faloconer, | R. 2003. Oral toxcity of the
‘Water Guidelines & (NHMRC, cylindrospermopsin, however an initial health alert s gavage gk day due to lack of data; cyancbacterial toxin cylindrospermopsin in male swiss albino
NEMMC} estimated (30 pg/kg/d* 7O kg*0.9 mice: Deter jon of dh ffect level for
RSC)/{2 L/day*1000 UF}= | deriving a drinking water guideline value. Environmental
Health alert Toxicology 18, 94-103.
Cylindrospermopsin | New Zealand. 2018. Drinking-water | Drinking Water Standard | Provisional maximum acceptabile value 1 NfA NfA NfA NfA NfA NfA NfA
Standards for New Zealand 2005,
Revised 2018; Minkstry of Health.
Cylindrospermopsin | Brazil. 2009. Guidelines for Drinking | Guideline for Drinking NfA 15 NfA NfA NfA NfA NfA NfA Cited in USEPA. 2015. Drinking Water Health Advisory for the
‘Water Quality, Official LA Report’s, |Water Quality Cyancbacterial Texin Cylindrospermopsin
Regulation MS N 518/2004. {R
Cylindrospermopsin - | Oregon Health Authaority. 2019, Drinking Water Guideline | Ages 5 years and younger o7 Kidney weight | Male mice Daily oral 11 weeks NOAEL =30 MOAEL/300 = TDI; Humpage, A.R., Falconer, | R. 2003. Oral toxcity of the
Public Health Advisory Guidelines, gavage e kg/ day TDl = 0.1 pg/kg-d; cyancbacterial toxin cylindrospermopsin in male swiss albino
Harmful Algae Blooms in Freshwater (0.1 pg/kg-d/0.15 mice: Determination of dh ffect level for
Bodies. Lfkg/day; no deriving a drinking water guideline value. Environmental
Adults 3 NOAEL/300 = TDI; Toxicology 12, 94-103.
TOI = 0.1 pg/kg-d;
(0.1 pg/wg-d/0.03
Lfkg/day; no
Cylindrospermopsin | Ohio EPA. 2020. Public Water Drinking Water Threshold | Do Not Drink ~children under & and sensitive populations (0.7 Kidney weight | Male mice Daily oral 11 weeks NOAEL =30 MOAEL/300 = RfD; Humpage, A.R., Falconer, | R. 2003. Oral toxcity of the
System Harmful Algal Bloom gavage e kg/ day RfD = 0.1 pg/kg-d; cyancbacterial toxin cylindrospermopsin in male swiss albino
Response Strategy 0.1 pg/kg-d/0.15 mice: Determination of dh ffact level far
Lfkg/day; no deriving a drinking water guideline value. Environmental
Do Not Drink ~children & and older and adults 30 NOAEL/300 = RID; Ve AR Al
RFD = 0.1 pg/kg-d;
(0.1 pg/wg-d/0.03

Lfkg/day; no




Table A.1 (continued)Regulatory human drinking watescreening level$or cyanotoxns.

latory ing Level ¥ | is Based Upon
Drinking Water Health-Based Toxicity
e Regulatory Agency B e Description of Screening Level Screening Level | Endpoint et B T o oy POD Value and Screening Level References
Screening Level g/l Method Calculatl
Anatowin-a US EPA. 2015. Health Effects Support | No drinking water value | Unable to derive due to lack of data NfA Mortality Mice Oral Gavage 28 days NOAEL=100 |NfA USEPA 2015 discusses NOAEL, LOAEL; but data do not support
Document for the Cyanobacterial ug/kg/day deriviation of a RFD or RFC; available data do not support
Tondn Anatoxin-A. assessment of carcinogenic potential
Fawell, LK., Mitchell, R.E., Hill, R.E., and Everett, D.). [1999). The
tondbcity of cyanobacterial towins in the mouse: 11 anatowin-a.
Human & Experimental Toxicology 18, 168-173.
Anatosin-a WHO. 2020. Cyanobacterial toxins: | Provisional short-term Short-term drinking water HBGV for adults 30 Mortality Mice Oral Gavage [28days NOAEL = 98 Mo toxicity value; Fawell, LK., Mitchell, R.E., Hill, R.E., and Everett, D). 1999. The
anatoxin-a and analogues. drinking water health- wgfkg-d (98 ug/kg-d*60kg* 1.0 toxicity of cyanobacterial toains in the mouse: || anatoxin-a.
Background document for based reference value RSCJ/[100 UF *2 Human & Experimental Toxicology 18, 168-173.
development of WHO Guidelines for L/d}=Reference value
drinking-water quality and Guidelines
for safe recreational water
environments.
WHO/HEP/ECH/WSH/2020.1
Anatosin-a New Zealand Drinking Water Guideline value 6 NfA NfA NfA NfA NfA NfA Drinking-water Standards for New Zealand 2005, Revised 2018
{Ministry of Health, 2018)
Anatoodin-a Minnesota Department of Health. Short-term Non-Cancer 0.1 Mortality Mice OralGavage  [2Bdays NOAEL = 98 NOAEL*0.14 Fawell, LK., Mitchell, R.E., Hill, R.E., and Everett, [.1. 1999. The
2016. Toxicological Summary for Risk Assessment Advice g /kg-d) DAF f300=RfD; toxicity of cyanobacterial toains in the mouse: || anatoxin-a.
Anatoxin-a RfD = 0.047 pg/kg-d; Human & Experimental Toxicology 18, 168-173.
0047 pg/kg-d*0.8 RSC)/
(0,285 Lfkg-d]=Noncancer
Anatosin-a Oregon Health Authority. 2019, Drinking Water Guideline | Ages 5 years and younger o7 Mortality Mice Oral Gavage [28days NOAEL=100 |NOAEL/1,000=TDI; Fawell, LK., Mitchell, R.E., Hill, R.E., and Everett, D). 1999. The
Public Health Advisory Guidelines, ve/kg/day TOl = 0.1 pg/fkg-d; toxicity of cyanobacterial toains in the mouse: || anatoxin-a.
Harmful Algae Blooms in Freshwater 0.1 pg/kg-4/0.15 Human & Experimental Toxicology 18, 168-173.
Bodies Lfkg/day; no RSC)=
Adults 3 Mortality Mice Oral Gavage  |28days NOAEL=100 |NOAEL/1,000=TOI;
ve/kg/day TOI = 0.1 pg/kg-d;
0.1 g/ kg-df0.03
Lfkg/day; no RSC)=
Anatouin-a Ohio EPA. 2020. Public Water Drinking Water Threshold | Do Mot Drink =children under & and sensitive populations (0.3 Increase in Rats Drinking water |7 weeks NOAEL = 50 NOAEL/1,000=RfD; Astrachan, N. B. and Archer, B. G. 1981. Simplified monitoring of
System Harmful Algal Bloom 'WBC counts ve/kg/day RfD = 0.05 pg/kg-d; toodin-a by phase high e liquid
Response Strategy 0.05 pg/kg-4/0.15 chromatography and the sub-acute effects of anatoxin-a inrats.
Lfkg/day; no In: W. W. Carmichael, (Ed). The Water Environment: Algal
RSC)=Threshold value Teatins and Health. Plenum Press, New York, NIY: 437-446.
Do Not Drink —children & and older and aduits 16 NOAEL/1,000=RfD;

RFD = 0.05 pg/kg-d;
(0,05 pg/kg-d/0.03
Lfkg/day; no
RSC)=Threshold value




Table A.2.Regulatory ag and livestock watemtake and crust/mat consumptionscreening level$or cyanotoxins



